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PREFACE. 



The history of what is usually termed the Flo: iNDtrsTBT in iN'ew 
Zealand, affords a remarkable instance of the difficulty experienced in 
developing the natural resources of a country, if the ooramodities to be 
disposed of have not a previously established market value. 

When the colonists first arrived in "New Zealand, the valuable 
qualities of the Phormium fibre were well known, as it was in constant 
use by the Natives, and a very considerable trade in the article existed 
as early as 1828, when the islands were only visited by whalers and 
Sydney traders, as £50,000 worth of the fibre was sold in Sydney 
alone between 1828 and 1832. -At G-rimsby, in Lincolnshire, a manu- 
factory was also established in the latter year for the production of 
articles from New Zealand fibre, which failed from some unexplained 
cause, notwithstanding that, the results were not considered at the 
time unsatisfactory.* 

From that period up to 1853, the statistics on this subject are very 
imperfect, but show that a fluctuating trade in the Native dressed 
fibre was maintained. At the same time many attempts were made in 
the colony to discover a more speedy and profitable method of pre- 
paration. Thus in 1844, a company was formed in England that sent 
out hand machines and a staff of workmen to the Province of Nelson. 
The machines proved imsuitable for the purpose, and the enterprise 
failed. Other machines were then tried, and thousands of pounds 
were spent in fruitless experiments, simply because the fibre produced 
did not resemble sufficiently any kind already established in the market, 
while on the other hand it was not prepared in sufficient quantity to 
create a position for itself. 

From 1853 to 1860 the average annual value of the fibre exported 
was nearly £2,500, reaching as high as £5,500 in 1855, but up to this 
time the only fibre exported was that prepared by Native labour, no 
machinery of any kind being employed in producing the exported 
article. In 1860, therefore, when the Native disturbances affected the 
"Waikato and other interior districts in the North Island, the prepara. 
tion was confined to the Native tribes north of Auckland, so that the 

*Jurors Beports N.Z. Ex., p. 113. 
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average export between 1860 and 1866 was only £160 per annum. It was 
during this period of depression that attention was most naturally 
directed to the contrivance of machinery, with the aid of which the 
fibre could be profitably extracted by European labour. 

The attempts up to this time had chiefly been directed to the extrac- 
tion of the fibre by crushing between rollers, together with boiling in 
alkaline solutions and through washing,* and all the processes since 
suggested for the preparation of finer class fibre, have been more 
or less the same in principle ; the improvements being with the view 
of securing greater rapidity of production, so that a sufficient 
return could be obtained for the labour employed and the capital sunk 
in machinery. The first important improvement was that of Messrs. 
Purchas and Ninnis in 1861, which introduced percussion instead of 
rolling, and washing without the use of alkaline solutions. This was 
a most important step, as it first led to the production of the fibre in 
a state that suited the market, owing to its similarity in appearance to 
that of Manilla, which was then a well established article of commerce, 
employed for making what is termed white rope, or rope that will last 
in water without the protection of tar, and for the manufacture of 
which a fibre possessing bright lustre and good colour is necessary. 
The increasing demand for rope of this character, and the limited 
quantity of Manilla, which fibre depends for its production on Native 
manual labour in the Phillipine Islands, led to a rise in its value from 
£21 to £56 per ton, and even to £76 per ton in America during the 
late civil war. These high prices stimulated the endeavour to m- 
troducePAor«»»i«» fibre to compete with Manilla, and in 1866 the problem 
of a sufficiently rapid method of producing the fibre from the green leaf 
was solved by the invention of several machines, in all of which scraping 
and percussion is applied continuously to the leaf by a drum revolving 
at such high velocity that the manual labour employed is fully occupied 
in feeding the leaves and removing the fibre. With these machines 
the export of fibre again increased, so that from 1866 to 1871 the 
yearly average was valued at £66,000, the maximum export in that 
period being £132,578 in 1870. t 

This sudden revival of the trade, however, led many to embark in 
it who were unacquainted, not only with this new form of manufacture, 

• Travers, Trans. N.Z. Inst. toI. I. p. 170. . 

t I am informed bj Mr. Feed, Secretary of Customs, that the apparently high 
yalue per ton of the fibre exported in 1866, which in Table F. p. 125, is stated at 
£89, is owing to their haying been a large portion of the export entered as 
"packages," the weight of which was not stated. 
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but unaccustomed to any kind of business that required special 
mechanical skill and careful elaboration of the details of management. 

The most contradictory opinions prevailed on ever j subject relating 
to the manufacture and cultivation of the plant and to the particular 
requirements of the market, which led to Commissioners being 
appointed in 1869 and again in 1870 to investigate and report on these 
matters. The information collected by them will be found at length 
in a series of reports printed with the parliamentary papers in the 
years 1870-1, and the following compilation of the more important 
portions of these reports has been prepared by direction of Govern- 
ment to meet the frequent applications for information on this subject, 
the supply of extra copies of the official papers having been exhausted. 

During the past year the name of New Zealand Flax has been 
changed to New Zealand Hemp, in the home market, with great 
advantage to the position which the fibre holds in the brokers' sale 
rooms ; but although the machine dressed fibre afc present exported is 
only applicable to the same purposes as hemp, accounts received since 
the greater part of this work wLs in type show that, notwithstanding 
the contrary opinions that have been expressed, the fibre can be 
prepared so as to mix advantageously with true Linum flax in the 
manufacture of textile fabrics, and that the shortness of the ultimate 
fibre is not an insuperable obstacle even to its being spun into unmixed 
yams. It will, therefore, in all probability, be necessary to adopt two 
names for the fibre, to indicate the purpose for which it has been 
specially prepared, such for instance as Fhormitim Hemp and JBhormitim 

Samples of serge sheeting, canvas, sacking, and other varieties of cloth 
from unmixed Fhormium fibre, have been manufactured in Arbroath 
and sent out to the Colony ; and, also, samples of a very superior kind 
of canvas made from an admixture of Fhormium with Eiga flax. The 
fibre used in these experimental manu&ctures was prepared by Mr. 
C. Thome, by the use of alkaline solutions, and it is stated that such 
fibre would find a ready market in large quantities at from £60 to £90 
per ton.* Whether this would be as profitable an application of the 
fibre as the production of hemp is, however, not yet established. 

Colonial Museum, 

Wellington, 1st August, 1872. 



* See Further Papers relative to PhormiMm, Par. Papers Qt, 17, 1872. 
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ADDENDUM. 



Table II. p. 47 — The oiled Pkormium rope mentioned in the Table as 
"still running," drew at the splice after 135 days, and did not 
break fairly. Its weight was lib 5ozs. 5 dwts., showing a slight 
i%ia instead of loss from this long continued wear. 
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Plate I. Sections of the root stalk of the Phormium, illustrating the 
mode of growth and propagation, reduced to ^ natural size. 

A. Section of compound rhizome or prostrate stem of 
Phormium ienax, showing — a. Main axis or central stem, from 
which a flower stalk (the terminal axis of the plant) has been 
given off at b. — c. Lateral shoots forming new leaf buds, and 
ultimately fans that accumulate nourishment at the base of 
their leaves, throw out rootlets and finally become independent 
of the parent plant, as at d, — e. First stage of buds from which 
lateral shoots spring. 

B. Section of root of Phormium tenax in best condition for 
transplanting, showing — a. Mass of fibrous, starchy and resinous 
matter, accumulated for the nourishment of the future flower- 
stalk and lateral buds.<-^. Cortex layer^ formed from the bases 
of the old leaves. — c. Rootlets. 

0. Undergroimd stem of Manunu (one of the best varieties 
of Phormium tenax) showing — a. Main axis that has flowered 
and completed its life. — 5. Lateral shoot by which the life of 
the plant is continued. 

Pi*A.TE II. Section of leaf of Phormium showing microscopic structure to 
illustrate the description of Mr. Nottidge, page 63, Captain 
Hutton, page 66, and Professor M*Nab, page 92. 

Microscopic appearance of fibrous bundles prepared by 
Native method, machinery, and alkaline solutions respectively, 
when broken under water. 



PHOEMIUM TENAX. 



CHAPTEE I. 

DiBtribution of the plant. — Natural growth. — Causes of destruction. — ^Botanical 

species and varieties. 

Phobmhtm tenax, belonging to the Liliaceous family of plants, was 
first mentioned as occurring in New Zealand by Captain Cook, who 
says, " the country produced a grass plant, like flags, of the nature of 
hemp or flax, but inferior in quality to either ; of this the natives 
make clothing, lines, nets, &c." "The leaves of the plant are 
perennial, hard, sword-shaped, from five to seven feet in length, with 
a flower stalk rising four or five feet above them, and bearing a 
profusion of flowers, followed by triangular seed-vessels, filled with 
flat and thin black shining seeds. It was introduced in the year 
1798 into the south of Ireland, and has been found to flourish on the 
west coast of Scotland, though European winters are occasionally too 
severe for it."* This general description applies to the JPhormium 
plant wherever it grows in New Zealand and Norfolk Island, to which 
countries its natural range is confined, but it presents many minor 
variations in habit of growth, according to the climate and soil. 
These diflerences are not, however, so great as might be expected to ^ . 
occur in a succulent plant that ranges through eighteen degrees of 
latitude, or from almost a tropical insular climate to a country 
possessing a severe winter climate, with prolonged frosts and snow- 
storms. 

In the south, Fhormium is never found far from the sea, nor at any 
great elevation, except on ranges near the coast. Thus, in the interior 

•Royle. 



2 Natural Growth, 

of Otago this useful plant is wholly wanting, or ov^j represent 3d by a 
few feeble bunches, irregularly scattered along the sides of the Hrger 
rivers. • 

On the west coast of the South Island, which from the sea Ime to 
the limits of Alpine vegetation is essentially forest country, the 
jPhormium plant is not of common occurrence, and is represented by 
forms having a very lax habit of growth. The only exceptions to this 
general rule are to be found in the neighbourhood of the larger rivers, 
where there are occasionally limited areas of ordinary flax swamp, as 
for instance on the alluvial flats at the mouth of the BuUer and 
Earamea, and to the south of West Wanganui Inlet. 

In the North Island the Fhormium is also most abundant, and best 
grown near the coast, but is also found abundantly in the interior to 
an altitude of 2,000 feet. 

It is, however, neither so abundant nor so universally distributed 
throughout the Islands as many have supposed. 

What are frequently termed " flax swamps " have often merely a 
margin of I^hormium plants round the edge, the greater part of the 
extent being covered by Eaupo (Tophus angustifolia). It is true that 
in the swamps, when drained, a luxuriant growth of Phortnium usually 
springs up, but this requires considerable time and large expenditure, 
so that such swamps cannot be considered as immediately available 
for aflbrding a natural supply. 

" The Fhormium plant grows in bunches, or groups of plants or 
shoots: each shoot has five leaves. Ten of these shoots go to a 
bunch on the average, or, in all, fifty leaves. These vary, according to 
the soil, from five to ten feet in length, and each consists of a double- 
bladed leaf, which, when closed, is from two to four inches wide. The 
lower part of the outer leaves forms a complete sheath or flattened 
tube, and it is from this portion of the leaf that most of the gum 
exudes, and where the fibre is of least value. 

"On rich *flax land* there are over 2,000 bunches of Pharmium to the 
acre, or 100,000 leaves. When sun-dried these leaves, after cutting off* 
the gummy and useless lower parts, weigh about five to the pound, so 
that an acre of ground will yield nearly ten tons of dried leaves. 
Assiuning the outer leaves only to be taken, the quantity will be 
reduced to four tons. Now, from experiment, it was found thai; 23*10 
per cent, of apparently well-cleaned fibre could be obtained from the 
green leaf when all loss was avoided. Mr. Honeyman, of Bunedin, 
however, only produces about twelve per cent, of fibre, exclusive of 
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tow. "We may, therefore, safely anticipate a yield of fifteen per cent, 
upon these four tons, since they will have gained by their desiccation an 
additional four per cent, of fibre, calculated upon a loss of fifteen per 
cent, of water. This ^ 111 give of clear fibre about twelve per cent, or 
three-fifths of a ton, only taking the outer leaves. Eespecting the 
poitlon of tow to be added to the good fibre no certain data have been 
obtf ined, but in English flax the weight of the tow is about equal to 
tbat of the clean fibre, and, from the different character of Fhormiumy 
we may expect the propoition to be a good deal less. 

" On bill land, ow'ug to the shorter growth of the leaves, and the 
y. Ider interval between the groups of plants, the yield will not average 
more than three tons to the acre.'** 

Many causes operate to destroy the P^rw^t^w. Cattle are. very 
fond of it, and chew the leaf tr^ the fibre is left hanging from 
the plant, cleaned of all vegetable tissue, and as bright as if prepared 
by hand. Pires are another fertile source of destruction ; while in 
settled districts much has been cleared off to make way for more 
profitable crops. 

" If cattle have access to a field that has been cut, they will destroy 
the plants altogether, by drawing out the yoimg leaves to chew the 
butts, of which they are very fond. 

" Attention is especially directed to a small caterpillar, which has 
made its appearance in several districts, and has very largely injured 
the leaves of the plants in the neighbourhood of Opunake, on the west 
coast of Wellington. It is to be feared that, if it continues to increase, 
its ravages will be seriously felt. It attacks the leaves in the early 
Bimimer, and eats away the fibre in long patches, which leads to an 
extra quantity of tow being scutched out during the manufacture."t 

" The Fhormium plant is well known to be highly variable, but no 
attempt having yet been made to describe these varieties in a scientific 
marker, great collusion exists among the names. Much of this 
confusion appears to have arisen by supposing that those varieties 
which were considered nearly alike by the Maoris, and for which they 
sometimes used in^'fferently the same name^ are really botanically 
a^Med, whereas the Maori system of classification was founded on one 
feature alone, namely, strength of fibre. All those varieties, the fibre 
of which was so strong as to enable them to draw it out in long ribbons, 
without breaking, they called TiJiore ; while those inferior kinds 

* Hector and Skey, 1864. f ComxiiiflBioner0> 187Xi 
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which had to be soaked and scraped with a shell in order to get length 
of staple, they called JSaro, and it is evident that many varieties 
would thus be grouped together, which, under a different arrangement 
would be more widely separated. Thus the Paretanitdhaf or yellow 
hill flax, is sometimes called a Tihore, although it is much more nearly 
allied to the common swamp flax, and is very different from the Oue^ 
which is the commonest Tihore. 

"The colour of the leaf, and more especially of the midrib and 
margins, has been taken almost exclusively as the distinguishing mark 
of the different varieties ; but this is altogether unreliable, for not 
only does the shade of colour of the margin differ in old and young 
leaves, but often different leaves of the same plant, and even different 
parts of the same leaf, have differently coloured margins. In distin- 
guishing varieties, therefore, habit of growth, shape of leaf, size of 
flower stalk, and shape of the seed-pod, are to be considered as of 
more importance than mere colour of margin, or even colour of leaf. 

" Dr. Hooker, in his handbook of the New Zealand Flora, admits 
two distinct species of Fhormium to exist in these Islands ; although 
at the same time, he expresses an opinion that both are but races of 
one plant. The opinion of so distinguished a botanist must carry 
with it great weight, but it is quite possible that even he may have 
fallen into error through not having had sufScient opportunities of 
examining the plants in their living state, and by having had dried 
specimens sent to him with wrong names attached to them. Indeed, 
it seems almost certain that such has been the case, for he describes 
the pod of P. colensoi as similar to that of P. tencup, but smaller. It 
is of considerable importance that the existence of these two kinds of 
JPhormium should be recognised ; for, as will be seen, they produce 
fibre of very different strengths. 

*^ Fhormium tenax, Eorst. — Seed-pod erect or inclined; 1\ to 3 
inches long, straight or curved. Leaves very long. Flowers red. 

" 1. HardkeJee (Common Swamp Elax). — Leaves coarse, loose, droop- 
ing, point generally blunt. Mower-stalk large — 11 to 14 feet high, 
and 1 to 2 inches in diameter. Pod short, erect. Grows almost 
everywhere, but attains its largest size, (14 or 15 feet) on rich aUuvial 
soil, by the banks of streams. Many sub-varieties are foimd, some 
with leaves dark blue-green above, and glaucous below, and some pale 
olive-green or bronzy. Some varieties have also the butts of the 
leaves coloured red for some distance up, while others are yellowish 
green almost to the very base. When the plant is stunted the flower- 
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stalk is also small, and the best characteristic is the blunt point to the 
leaf. 

"2. Paretaniwha (TeUow Hill Max). — ^Leaves erect, slightly droop- 
ing at the tip, yellowish green, generally with red or orange margins, 
slightly glaucous below, point acute. Plower-stalk small, 4 to 8 feet 
high, and i to 1 inch in diameter. Pod short, erect. Pibre very good, 
goft and glossy. Plant seldom more than 5 or 6 feet in height ; grows 
generally on clay hills. Passes into common swamp flax, but best 
distinguished by its nearly erect acute-pointed leaves. Probably often 
mistaken for Tihore, 

" 3. Tihore, — Leaves stiff, erect, narrow, never drooping at the tip, 
olive-green, glaucous below, points very acute or cuspidate, pink at the 
butt. Elower-st^lk 9 to 10 feet high, and 1 inch in diameter. Pod 
erect, or inclined ; seldom flowers, and still more rarely seeds. Plant 
seldom over 6 feet in height. Grows in rich, dry, alluvial land, never 
in swampy places. I have never seen it except where planted by the 
Maoris. I have here appHed the name to that variety called Tihore 
by the Maoris throughout the Waikato, and which is probably 
identical with the Ons and Tofoto. It is best distinguished by its 
narrow, tapering, sharp-pointed leaves, and erect, close habit. It grows 
so thickly together that I obtained 186 sets for planting from two 
bushes. 

" FJiomduM colensoi, Hook. f. — Seed-pod pendulous, 3 to 7 inches 
long, twisted. Leaves not so strong, sometimes quite brittle. Plowers 
red, yellow, or greenish, 

" 1. Wkararihi, — ^Leaves erect or slightly drooping, generally rich 
green, not glaucous below, margins and midrib generally green, or 
yellowish white ; butt white, never red, point acute. Plower-stalk 9 
to 10 feet high, and 1 inch in diameter ; flowers red. Plant seldom 
more than 7 feet high. The best and strongest variety of P. colensoi. 

"2. There is also a yellow-leaved variety, which has sometimes 
yellow flowers, with which I am not so well acquainted. Its leaves 
are very brittle. It grows at Coromandel, between Kapanga and the 
Waiau. 

" 3. The same, or perhaps another variety grows on hiUs or precipi- 
tous places. Its leaves are of a yellow colour, and often so brittle 
that a man can break a strip more than an inch in breadth with 
ease."* 

" In Waikato and the Bay of Plenty the Oue is the favourite variety ; 

* Hutton. 
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on parts of the West Coast, the Aiirauhawa ; at Napier, the Tapoto 
(probably the same as the Oue, as Major Heaphy suggests) ; at 
Wanganui, the Huhiroa ; and at other places the NgwrOy Manunu, and 
Bataroa, 

'^ It has been ascertained that all large fields contain some plants o^ 
those kinds that are most esteemed by the Maoris, who were accustomed 
to transplant them to spots' near their settlements. The list in 
Appendix I. gives fifty-five different names as applied to the Fhormium 
plant by the Natives, but it is doubtful if more than twenty marked 
varieties can be distinguished. 

'' The European manufacturer cannot as a rule make any selection 
as the Natives do. He must take all that comes to hand, and, as the 
common sorts form a large proportion of most of the natural fields, 
the average of his fibre must, for the cause above-mentioned — ^apart 
from the inferior process of manufacture which he employs — be less 
valuable than that of the Natives. 

" jPhormium that grows on high or dry ground, though smaller, is in 
general finer and more easily stripped than that found in swamps — 
colonial rope-spinners preferring it, and being willing to give a higher 
price for it on this account. 

" When two kinds are supplied in considerable quantities to any 
mill it would be worth the while of the manufiicturer to dress and 
bale them separately."* 

• Commissioners, 1871. 



CHAPTEE n. 

Mode of growth — Rate of growth — ^Root — Fans — ^Leaves — Mower-stalk. 

" The growth of Phormium depends chiefly on the soil and position in 
which it is placed. In a large flax field of equable soil and moisture, 
where scarcely two bushes are exactly alike, and the finest varieties 
are to be found, there is great difference in the length of the leaves, 
while the same kinds that are stunted and yellow on dry and poor 
clayey ground, or in stagnant water, will flourish and rapidly increase 
if planted in a more congenial soil. The IPhormivm luxuriates in rich, 
moist, and well-drained ground, and reaches its greatest size on the 
banks of running streams, where the roots are abandantly supplied 
with nourishment by water that never stagnates about them. Wherever 
swampy ground has been drained (and not made too dry), there the 
flax increases in size, and becomes of a deeper green colour. This has 
been satisfactorily demonstrated by several manufacturers, and 
especially by Mr. Constable, at "Waiuku, and Messrs. Nelson at 
ISTapier. 

" The flax transplanted by the Natives does not appear to have 
improved in quality of fibre. The flbaest and whitest samples of Native- 
dressed flax, procured by the Commissioners of 1871, were prepared at 
Waikanae and Otaki from plants growing naturally in and around the 
swamps ; and the Natives never plant an inferior flax by way of 
improving it. 

" When every leaf has been cut quite down, as is generally the 
practice with those who supply the mills, the fan will send up within 
the first year from four to six full sized leaves. Captain Hutton says 
that ' swamp flax that had aU the outer leaves taken off in January, 
had so many young leaves fuU grown by the end of April, that the 
casual observer would not have known that the plants had been cut at 
all.' Mr. Keleher, of Waiuku, says that flax cut eighteen months 
ago has now six fuU grown leaves, and that cut seven months since 
has three leaves besides the centre one. Mr. Bitchie, of Wanganui, 
states that the growth of flax between August, 1870, and January, 
1871, has been 6 feet. Mr. Seymour, of Picton, says that he can cut 
leaves every twelve months, and that several from each fsM. had grown 
8 or 4 feet long in five months. Messrs. Benn & Walker of Canterbury, 
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find that flax can be cut every year, but they take care never to cut 
the centre leaves. Messrs. Stonyer & Co., of Kaiapoi, say that they 
can cut every twelve months ; and that flax cut in December, 1870, 
and again in December, 1871, had in June following four and five 
leaves to each £Ein, from 4 to 5 feet in height. How long the roots 
will continue to bear this treatment cannot yet be determined, for it 
has not been observed that any plants have been killed by constant 
cutting ; but it is reasonable to conclude that if cut down year after 
year the plants will g^radually be weakened, and die out. 

" At a few of the mills, where the supply of water is limited, more 
prudence has been exercised, and the two or three centre leaves of each 
fan have been left standing. Messrs. Nelson, of Napier, adopt this 
plan, and they find that in twelve months, after cutting all but the 
three middle leaves, four fresh ones have sprung up, and they have 
four outer ones so completely matured that, if left standing for three 
or four months longer, many of those on the outside will be so 
decayed as to be unfit for manufacture, and they have lost a con- 
siderable quantity of leaves in this way. 

" Assuming that there is a similar growth in every flax plant, whether 
cut or not, i.e., that four firesh leaves will start from the centre each 
year ; and that there are on the average but eight or nine leaves on 
each fan, we arrive at the conclusion that after two years old the leaf, 
having reached maturity, commences to decay, and is not fit for 
manufacture. 

"Whether well-established plants, annually cut, will send out as 
many new fans as a bush that is left entire, remains yet to be observed 
and noted ; but probably they will not. 

" The length and bulk of each leaf depends partly on the season of 
the year in which it makes its growth ; for the flax grows all the year 
round, but more rapidly of course in the spring and summer. Mr. 
Eees found that after plants had been burnt down, the first leaves 
were shorter and less vigorous than those that grew after the plants 
had recovered the effects of the fire. 

" The centre fan, that bears a fiower-stalk produces no more leaves, 
but dies away the following year ; it may therefore be cut quite down 
without disadvantage. 

" The cultivated Tihore^ flowers very sparsely, and often fails to 
perfect seed. 

" The Natives suppose that the best time of the year for dressing is 
the winter and autumn, and that the fibre is more easily stripped out 
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at those seasons ; but none of the manufacturers have observed any 
diiference, and it is doubtful whether any exists in the matured leaves- 
The Natives strip flax in the winter because they are engaged with 
their crops at other seasons."* 

On this subject, Captain Hutton states that " The leaves of the 
different varieties of New Zealand flax vary from 3- feet to 14 feet in 
length, and from i inch to 6 inches in breadth, in the widest part of 
the leaf. They appear to grow all the year round, but more rapidly 
in spring and in summer than in autumn and winter. Swamp flax, 
that had all the outer leaves taken off in the end of January, had so 
many young leaves full grown by the end of April that the casual 
observer would not have known that the plants had been cut at all. 
The stumps of the leaves that are left on the plant still continue to 
grow also, but the younger leaves grow quicker than the older ones. 
Of four leaves cut down in the end of April, the outer one had grown 
2 inches by the end of June, the next one to it, on the opposite side, 
had grown 3 inches, the next 6 inches, and the inside leaf I7i inches. 
Of those sets of the plant that do not flower, the leaves last probably 
three or four years and then decay, new ones taking their place ; but 
when a set produces a flower-stalk, the set itself, and all the leaves 
upon it, die down the following spring."t 

" Seventeen of the best marked varieties of the JPhormium tenax 
were exhibited in "Wellington by the Commissioners of 1871, and 
tended to show that the difference of character which the species is 
capable of assuming, is to be found chiefly in the colour, especially 
of the edges and midrib. The seedlings of the same varieties, raised 
in December, 1870, prove that the rate of growth of the plant in its 
earlier stages is exceedingly slow, and, as far as can yet be observed, 
it appears that they do not inherit the peculiar characters of the 
varieties from which the seed was obtained. This indicates that the 
only method of perpetuating varieties must bo by subdivision of the 
root. The structure and mode of growth of this root, or rhizome, are 
explained by the sectional specimens and diagrams (PL II.), which 
show that each fan forms a true underground stem with fibrous 
rootlets, which stem, after a growth of several years, with a succession 
of leaves, bears a flower-stalk, and then decays ; but also during the 
period of its growth gives off lateral buds, from which new fans 
proceed, acquire their own roots, and finally become independent 
plants, clustering together and forming large bushes such as are 

• Commissioners, 1871. f Hutton, 1871. 

B 
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usually seen. In the propagation of the plant, therefore, these lateral 
fans, as soon as rootlets have been formed, may be removed and trans- 
planted in the same way as tubors, and will be vigorous in proportion, 
to the amount of nutritious matter which has been accumulated in 
them. Further observation is yet required to determine how far the 
development of the flower-stalk, the increase of the root, and the 
formation of new fans is affected by the repeated cutting of the leaves 
for manufacture."* 

* Commissioners, 1871. 
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CHAPTEE III. 

Cultiyation. ^Transplanting. — Propagation by suckers. — Experiments in Botanic 

Gardens, &c. 

" PHOEMnrM will grow in almost any soil, but the more suitable the soil 
the finer the quality. It grows best on light rich soil, by the sides of 
rivers and brooks, where sheltered from the wind. 

" A rich, dry, but not deep, clay soil, having yellow clay subsoil, with 
plenty of light and air, is very suitable, but the greatest crops are 
reared on high volcanic soil. 

" A well-drained swamp gives large returns ; this fact having been 
verified by observation in the Upper Waikato and elsewhere. 

" Stagnant marshes are prejudicial to the growth of flax, but as soon 
as they are drained and the water sweetened, the same flax will grow 
rapidly. The drains should be open, and the water therein should 
flow about twelve inches below the surface. If practicable, swamp 
land should be ploughed as soon as it is dry enough for the purpose, 
and allowed to remain all summer, or till March, when it should be 
again ploughed, and planted immediately thereafter. The soil will be 
well pulverized by that time. Should the land become very dry in 
smnmer, the drains might be stopped, so as to irrigate the soil ; for 
any land that is periodically inundated is very suitable for promoting 
rapid growth. Alluvial soil should also be ploughed in winter or 
spring, and allowed to dry till autumn, when it should again be 
ploughed and planted, that is, in March or April, or as soon as the 
autumn rains arrive — in fact, the earlier the better, for the plants 
make roots all winter, and are ready to come away with a vigorous 
growth in spring. 

" The plants should be sown in rows, and in the same way as trees 
are planted ; but opinion diflers as to the distance from row to row, 
and from each plant in a row. It seems to be overlooked that planted 
JBhormmm will not be allowed to grow into large bushes, as it does in the 
uncultivated state. On the contrary, the constant cutting which will 
be carried on will confine it within ,a comparatively limited space. 
The roots thrown out by the first plants will undoubtedly spread 
around it, but still it wiU always be practicable to keep the bunches 
within a small space. With this view the rows might only be four 



♦'.« 



12 Transplcmting. 

feet apart, and only three feet between each plant in a row. At all 
events, the quantity of soil that would be saved in this way would 
justify the experiment on a small scale. In this case, the roots should 
be planted across the lines in rows. Six feet is generally recommended 
to be between each row and each plant, because closer planting might 
impoverish the soil ; but it should be kept in view that flax needs 
shelter, and the proximity of the plaTits to each other would afford 
this, and assist in drawing up the leaves and making finer fibre. If 
suitable land is chosen, it is thought that impoverishment of soil will 
not result from the close planting. 

"With the view of still farther economizing space, it has been 
suggested that about ten or twelve rows should be planted, then a 
break of 10 or 12 feet should be left for drays to pass along and collect 
the leaves when cut. Then other ten or twelve rows should be planted, 
then another break, and so on. The size of the ground to be planted 
must however regulate this. 

" About 1,000 roots planted six feet apart each way wiU cover an 
acre of land, but if the land is planted 4 feet by 3 feet, as recom- 
mended above, about one-tbird more will be required for an acre. 

" In one bush of Fhormivm there wiU be from 20 to 60 roots for 
transplanting. 

" Opinions differ also as to the number of roots that should be 
planted together; one, two, and three, are variously recommended. 
If two or three are planted together, a larger space of ground would 
require to be left around. Caie should be taken to avoid planting the 
roots from which a seed stem has been thrown out, or planting the 
centre portion of an old plant, which is not so productive as young 
shoots, and has a tendency to run to flower, when it requires more 
nourishment than all the leaves do. The flower-stalk should therefore 
be cut down as early as possible, and when this is done the cut part 
should be rubbed over with a little earth to prevent * bleeding,' or 
better stiU, twisted off. 

" But if the close planting be adopted, only one root should be 
planted at one place. 

" The maturity of the leaf is ascertained by its texture and firmness, 
or by its being split at the point, or by the recurving of the blades 
from the central midribs. The .leaf of the best Fhormitim should be over 
five feet in length excluding the butt. The top of the leaf, says Mr. 
Locke, should feel soft to the touch, and droop a little ; this occurs in 
winter. 
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" The Natives say that the Phormium should not be cut from the time 
the flowering-stalk shoots until it dies again, as the fibre is then very 
brittle, and of a red tinge ; and during winter they carefully preserve 
their flax swamps. But if a permanent supply is to be kept up, it will 
be difficult, if not impossible, to comply with their notions ; and hence 
it has been suggested, as one mode of remedying this, that the flower- 
stalk should be cut, but the best time for cutting it requires experience ; 
it is thought, the sooner the better. 

" The general understanding is, that in cutting FTwrmium only the 
outer leaves should be cut, and that in doing so great care should be 
taken not to injure the leaves which enclose the centre shoot. With this 
view the knife should be inserted at the leaf enclosing the centre 
shoot, and the outside leaves, two or three on each side, cut downwards 
and slanting outwards ; but no leaf should be cut before maturity, as 
this also weakens the plant and makes it liable to go to flower."* 

"The Maoris never cultivated the Phormium with the view of 
improving the quality or quantity of its fibre. It was only those who 
lived in the bush, or at inland settlements, where it did not abound, 
who took the trouble to make plantations near their villages. Those 
within easy reach of any large Fhormium field were able to procure what 
they required from the choicer varieties that are always to be found 
growing in those places. At the present time it is rarely trans- 
planted by them, as they no longer depend on this material for their 
ordinary clothing, and require but very little of the better qualities 
for their fine mats and other ornamental purposes. 

•* The majority of Europeans who are concerned in the Fhormium 
industry have paid little or no attention to its cultivation. The extensive 
fields, in their natural state, have hitherto been amply sufficient to 
supply all that they have required ; and the low prices in the English 
markets have so limited the production that there has been no prospect 
of a scarcity of the raw material ; and the manufacturers are unwilling 
to invest more capital than is barely necessary for machinery, plant, and 
working expenses. But there are a few who have thought it worth while 
to expend time and money either in planting considerable tracts of 
land, to prepare for a future greater demand, or in making experiments 
on a small scale to observe and note the growth, and to test the 
possibility of improving the plant ; or of raising a supply by cultivation 
vrith profit and advantage."t 

* Commiseionerp, 1870. f Commiseionew, 1871. 
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Writing in August, 1871, Mr. H. C. Field, of Wanganui, says : — 
" Two years ago, in consequence of seeing in our local papers some 
statements, copied I belieye from Auckland prints, as to the rapid 
growth of Fhormiumy which from my own experience I thought were 
exagge rated, I planted out a number of fans of a good variety on 
different soils to test the result. The present condition of the plants 
is as follows : — 

" No. 1. Twenty fans planted in pumice sand : One has now five 
fans, three have four, four have three, seven have two, four have still 
only one. The whole grew ; but one which had increased to three 
fans, had its roots exposed by the wind during the early part of last 
summer, and was uprooted and destroyed by the salt gale in February. 

" Wo. 2. Ten fans planted on strong clayey alluvium, which, how- 
ever, had been some years under cultivation : Two have now two fans 
each, four have one, and four never grew. 

"No. 3. Twenty fans planted on a piece of boggy ground undrained : 
Two have now two fans each, seven have one, nine were killed by 
some sharp night frosts in the spring after they were planted, and 
two were buried under a slip of the neighbouring bank. 

" I also planted twenty fans on a piece of drained swamp, and they 
all grew and were doing well, but some cattle, which broke ia in the 
summer during my absence from home, dragged the whole of them 
out of the ground. 

" At the same time as I planted the above, a neighbour who was 
embarking in the JPhormium trade, planted 30 acres partly on shallow- 
drained swampy soil, resting on white clay, and partly on a slight rise 
(old manuka ground) where the soil consisted of vegetable mould 
resting on yellow sandy clay. The whole area planted had been some 
years in cultivation, and in order to ensure the proper preparation of 
the ground, the superintendence of the work was entrusted to a 
professional nurseryman. The fans were planted four feet asunder, in 
rows alternately four feet and ten feet apart. A very large proportion 
of the sets (in one paddock I should say nearly half) failed to grow, 
and those which are still living have certainly not more on the average 
than three fans to each plant ; iadeed I think it doubtful if the few 
which have more may not have been double fans when planted. In 
both the above cases no pains have been taken to keep the ground 
around the plants stirred or weeded ; my own object having been to 
see how the plants would thrive with no more attention than similar 
ones put out by settlers would ordinarily receive, and my neighbour 
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having been disappointed, ^nd given up the business. In both cases 
the plants would not at the present time yield , more than two or three 
leaves each without weakening them, and I observe that those which 
have not increased the number of their fans would yield the largest 
leaves, and nearly or quite as many as the others. There seems in 
fact an equal amount of vigour in the plants, though its development 
has taken a different direction. My own plants on the pumice soil 
are considerably smaller than the others, but I think this arises partly 
from their being close to the house, and consequently having often had 
leaves cut from them by my children. 

" I do not know whether saline particles in the air are beneficial to the 
growth of Phormitim, but it appears likely that this is the case, because 
while all the coast country along the north shore of Cook Strait, from 
the Tararua to Mount Egmont, contains abundance of good Fhormitm, for 
manufacturing purposes, directly one gets among the hiUs a few miles 
inland, the only plants which will yield any appreciable amount of fibre 
are those growing in native cultivations. During the last two years 
I have traversed a very large extent of the country inland of this 
district, and have found everywhere only the most utter rubbish in the 
shape of wild Fhormium, Even in the old native cultivations, bushes 
which are doubtless descendants of good ones planted by the Natives, 
have degenerated so as to contain no fibre worth extracting. The leaves 
are very thin, and the fibre so fine, and so firmly attached to the woody 
matter, that I believe the machinery generally employed at present 
would break it ail to pieces. The soil of the region in question is 
everywhere extremely rich, and so deeply and universally rooted by the 
wild pigs that the difference cannot arise from any want of cultivation. 
The overgrowth of koromiko scrub may have something to do with it, but 
as splendid Fhormium is constantly found similarly overgrown in the old 
cultivations near the coast, it would seem that this alone cannot account 
for the change. The absence of vdnd among the hiUs again can 
scarcely be the reason, as just as constant a calm prevails in sheltered 
cultivations near the coast. From whatever cause it has originated, 
there can be little doubt that the degeneracy, in the case of the bushes 
in the old cultivations, has been accomplished in the forty or fifty 
years which have elapsed since that part of the island was abandoned 
by the Natives as a place of residence, and in some cases apparently 
in a far shorter period, if not actually in so short a space as fifteen 
years, which seems to have been about the time since one very 
extensive patch of cultivations was given up. I mention the matter 
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beeause its cause may be worth investigfiting, thougli the Natives 
whom I have questioned on the subject, seem unable to throw any 
light upon it." 

Mr. Einnimore planted some thirty acres, near Wanganui, at a 
considerable expense ; and Mr. Hirst, writing in March, 1871, states 
that the Patea IBlax Company expended £467 in cultivating 75,000 
plants of the best varieties, on twenty-five acres of land ; but in both 
instances the outlay was so great and the prospect of pecuniary success 
so smaU, that the plantations have subsequently been neglected, and it 
is doubtful whether they will be maintained. 

The following account of the plantation is given by Mr. Hirst : — 

" The flax is planted in rows six feet apart, with a space for carting 
of ten feet at every fourth row. Three plants are placed in each hole, 
well rammed, and the holes are six feet apart. 

"The contract for digging the holes and planting — ^the ground 
having been previously cleared but not ploughed — ^was 9s. 6d. per 
hundred holes. 

" The plants cost 6s. per hundred plants for procuring, and were 
gathered under the direction of an experienced gardener, who has 
devoted some time to attaining a knowledge of his business. 

" The cost for cartage varied from 6s. per hundred plants to Is. 6d. 
per hundred, according to distance, costing for the 75,000 plants, £123. 

" In selecting the plants, aU plants which would throw out seed 
stems, were rejected, or will have to be replaced at the contractor's 
expense. 

"The sorts planted consist of the following: — 
" One, Eed edge. 

" Atiraukawa. Light bronze edge. 

" Suhiroa. Black narrow edge. 

" Korako, Black edge, light colour in back of leaf. 

" Atewhehe, Scarlet edge. 

" Tihore, Orange edge and keel. 

" The planting of the twenty-five acres, including the digging the 
holes, procuring and planting and cartage, but exclusive of clearing 
and fencing, amounts to about £467, or £18 13s. 6d. per acre." 

" Mr. Constable of Waiuku, near Auckland, in September, 1868, 
planted about half-an-acre of land, of fair quality (though rather dry 
ioTPhormium), which he had carefully prepared and manured, with three 
varieties of Tihore ; and in May, 1871, these were healthy and vigorous, 
and, in some cases, had thrown out twelve and thirteen, and 'in one 
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instance, twenty-two fresh fe»ns ; but the majority would not average 
more than five or six. When two years old a few leaves were dressed 
by the ordinary mill process, but the fibre was not superior to that 
obtained from common swamp Phormium^ as it was harsh and brown. 
'J he breaking strains were — Hataroa, 86; Oha-Oha^^l ; Nga/rowakay 61. 

" There is a plantation of the same age in the Domain Gardens at 
Christchurch, the plants having been procured from the North Island ; 
but these have not been so prolific, owing either to colder climate or 
to the growth of the sets having been retarded, by having been 
carelessly re';aoved and kept a long time out of the ground during 
transit. One variety (name not known) has been quite cut dovm by 
the frosts, showing that it is too tender for that part of the Colony. 

" Mr. Hulke, of New Plymouth, has formed a nursery of 2,000 
plants, of the best varieties, in three-quarters of an acre of ground, 
which he offered to make over to the Q-ovemment on condition of being 
reimbursed for his outlay, and he undertook to superintend its manage- 
ment if a sum not exceeding £20 a year was provided for working 
expenses- This offer was accepted, and the garden is now held imder 
a lease by the Grovernment for ten years. There are also a quantity 
of seedlings, which have grown very well, but cannot be depended on 
as useful varieties, and they wiU take a much longer time in coming to 
maturity than those plants that have been raised by off-sets from 
approved and established bushes. Other persons have also sown 
seeds, with no more favourable result. In many private gardens a few 
plants have been introduced, and carefully attended to. In Dr. 
Hector's and Mr. ManteU's gardens at Wellington, sets of variegated 
Fhormium that were planted two years ago have now from three to six 
fr*esh fans, and one oi Manunu that has been in the ground seven or 
eight years has forty-four. Some plants of the same variety, which 
were planted more than twenty years ago in the garden now belonging 
to Mr. Quick have increased one hundred fold. 

" Messrs. Nelson, at Napier, have also planted flax, and sets that 
had been in the ground seven months had sent up four and five leaves, 
and occasionally two or three fresh fans. But in aU these cases of 
recently planted sets, they have not reached the length of leaf and 
vigour of the old bushes, though the leaves become larger as the roots 
increase, and are better established. This proves that increase is not 
sufficiently rapid, nor vigorous and luxuriant enough to justify a hope 
that cultivated Fharmitim will yield a fair crop of leaves within four years, 
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which opinion coincides with that expressed by many of the Natives 
themselves. 

'' A portion of the Botanic G-ardens at Wellington has been set 
apart for the cultivation of Phormium. Seeds &om seven varieties, from 
Taranaki, were sown on the 4th November, 1870, and were above 
ground on the 24!th of the same month. In April, 1871, they were 
planted out, being then five inches high. On the 1st August, Manunu 
had four or five leaves of an average height of nine inches. Parekoritatoa 
(variegated) had as many leaves, which were stronger, being one foot 
in length and half-an-inch broad, but there were no signs of variega- 
tion. Huhiroa, same number of leaves, but weaker and membranous, 
and not more than four inches long. TaJcaiapu. and JRaumoa^ leaves 
five or six inches larger, and a-quarter of an inch broad. Atirauhawa 
and Korako, same as Suhiroa, 

"Three hundred sets, of fourteen varieties, from Mr. Hulke's 
nursery, at New Plymouth, were planted in April, 1871, after having 
been out of the ground for nearly three months, and they are now 
(August, 1871) beginning to sprout; but one hundred sets from 
"Wanganui, planted a little later, in very wet ground had not, in 
August, 1871, made a start. 

"At St. John's College, near Auckland, there is a quantity of 
JRataroa, one of the strongest varieties of Tihore, procured by Bishop 
Selwyn, from the East Cape, some twenty-five years ago. It was 
planted in a gully, which had been drained; the upper part was quite 
dry, but a small stream of water flowed from springs lower down. All 
the sets have multiplied greatly, and now form large bushes, with as 
many as one hundred fans ; but there are rarely more than six perfect 
leaves on each fan, the seventh and eighth being quite unfit for manu- 
facture. The leaves of those sets that were planted in the moister 
ground are very much longer and stouter than the others, reaching a 
length of eight and nine feet, whilst those in the driest parts, and by 
the side of the hill, are barely three feet high. There does not appear 
to be any difference in the quality of the fibre, and both large iEind 
smalb leaves are stripped with equal facility by the Maoris. The more 
luxuriant leaves have a deeper and richer green colour, but in shape 
and colour of the edge and keel they remain alike."* 

* Commissioners, 1871* 
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CHAPTEE IV. 

Strength of fibre from leares of different ages. — Quantity of fibre in leayes of 
different ages. — Method of determining the strength. 

" The plantation at St. John's College, mentioned in the preceding 
chapter, afforded a good opportunity for making experimeiiits as to 
the strength and quantity of fibre in leaves of different ages, and a 
Native was employed to dress some ; the leaves were cut for him, 
and kept in separate bundles, so that they should not be mixed. 

" After stripping and cleaning, some of the hanks were boiled in 
soap and water for an hour, without improving the appearance and 
texture in any way ; some were washed and rinsed in warm soap and 
water for a few minutes, and this both softened the fibre and improved 
the colour ; others were soaked in cold water (repeatedly changed) for 
different periods, from twelve hours to five days ; but the longer they 
were kept in soak, the worse the colour became. 

" A few of the centre immature leaves were stripped, and the fibre' 
was very white, soft, and silky, equal to any of the best samples of 
native-dressed, which have probably been prepared from young leaves 
of this kind^ and could not, therefore, be obtained in any quantity, even 
if the Natives were disposed to supply it. On being tested for 
strength, twisted tightly into a double strand in the usual manner, it 
was found that the fibre of these half-grown plants bore a greater 
average strain than any of the others, as follows : — 

Centre leaf ; breaking strain ... ... 81 

1st pair leaves, „ ... ,., 70 

2nd „ „ ... ... 72 

3rd „ ' „ ... ... 78 

" As it was impossible that these immature fibres could be as strong 
as those that were fully grown, it was conjectured that their softness 
had enabled them to bear a great torsion, and the strands were then 
tried without being twisted at all ; and though the young fibre proved, 
as was expected, to be the weakest, yet the whole of the strands bore a 
considerably greater strain than when in tiaeir twisted state, so that it 
was found necessary to reduce the fibre to one-half, as the spring 
balance then in use, which weighed up to SOOfts. only, was not strong 
enough to break the full quantity of twenty grains to one foot. The 
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result was, that an untwisted, single strand, of ten grains to a foot, 
broke as follows, the results, as in former cases, being reduced to a 
standard of Manilla, equal to 100 : — 

Fibre of centre immature leaf; breaking strain 104 

1st pair of leaves, „ ... 122 

2nd „ „ ... 116 

3rd „ „ ... 113 

''Since then, a different adjustment has been made with the 

machine, and double strands of native-dressed Bataroa, slightly 

twisted, have borne the following strain before breaking ;-^ 

1st pair of leaves; breaking strain ... 104i 

2nd „ *„ ... 104 

3rd „ „ ... liO 

"These are averages of many trials. The maximum strain was 
129, showing that some of the Phormiwn is far stronger than Manilla, 
or any other fibre of the hemp class. 

" Another trial was made with fibre of the same variety, stripped 
by White's machine, with the following result : — 

1st pair of leaves ; breaking strain ... 87 

2nd „ „ ... 79 

3rd „ „ ... 81 

" To ascertain the relative quantity of fibre in different aged leaves, 
seven leaves of each growth were taken from the same plants, weighed, 
and passed through White's stripping machine : — 

Per cent. 
1st pair leaves, weighing 16 oz., gave 4 oz. of fibre... 25 
2nd „ „ 20 oz., gave 4J oz. „ ... 22*5 

3rd „ „ 12 oz., gave 2i oz. „ ... 187 

" As these fibres were not thoroughly cleaned, and a great deal of 

vegetable tissue still adhered to them, this experiment only showed 

that the relative quantity was greatest in the youngest leaves ; and a 

more exact trial was made in the laboratory with leaves of the Mununuy 

which gave from the half of the 

Per cent. 

1st leaf, weighing 50*1 grammes, 7*77 grs. of fibre . . . 15*51 

2nd „ „ ^0 „ 10^50 „ ... 1718 

3rd „ „ 54-3 „ 8C0 „ ... 15*28 

" The advantage of quantity was in favour of the second leaf this 
time, and another trial gave from — 
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Pep cent. 
1st leaf, weighing 68*55 grammes ... ... 16*26 

2nd „ „ 52-68 ... ... ... 17*89 

3rd „ „ 36-35 ... ... ... 19*06 

" Here the third leaf had the largest relative quantity of fibre, but 
was little more than three-fifths the weight of the first leaf. 

" Although these various experiments do not give invariable results 
as to the relative stifength and quantity of fibre from leaves of different 
ages, yet it may be concluded from them that they are nearly equal in 
both respects, and may be used indiscriminately in manufacture."* 

Captain Hutton gives the result of experiments applied to test the 
strength of the fibre as it occurs naturally imbedded in the leaf, as 
follows : — 

" In order to ascertain the relative strength of the different varieties 
I took strips of one-eighth of an inch in breadth from the middle 
parts of young but full-grown leaves and broke them, by means of a 
spring-balance, which I had previously tested, and the following are 
the average results of many trials made on the leaves of four different 
plants of each variety : — 

Tiltore broke mth a strain of 48 lbs. 

MaraJceJce „ „ 42 lbs. 

Parefaniwlia „ „ 42 lbs. 

WJia/rariJci „ „ 34 lbs. 

"That Tihore is stronger than swamp flax, is contrary to the opinion of 
many. Major Heaphy (Trans. N.Z. Inst., Vol. II. p. 116) expresses 
the opinion that the fibre of the Oue {Tihore) is of ' so brittle a 
character as to require a mode of preparation in which a knife or 
scraping instrument may not be used ;' but I conceive that the real 
reason for the difference in the preparation was that the fibre of the 
Tihore is so strong that the Maoris were enabled to pull it away from 
the tissue so completely, that scraping with a knife or shell was 
unnecessary. I also made some experiments on the strength of 
prepared fibre of the different varieties, but found that the small scale 
on which I was obliged to experiment gave results so discordant that 
they were of no value. This was probably owing to the difficidty of 
dividing the strain equally among the different fibres; and useful 
results can only be obtained by twisting the different varieties up into 
rope, and then breaking them. 



* Cominissioners, 1871. 
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" It appears to me, therefore, tliat Tihore is the most yaluable variety 
for all purposes ; Imt the kinds that should be cultivated would depend 
upon the nature of the soil ; for swamp flax of excellent quality could 
be grown in places where the superior Tihore could hardly live. But 
all the varieties of P. colensoi should be carefully avoided, or, if 
manufactured into fibre, should not be sent into the market under tbe 
same name as fibre from P. tenax, or the latter will &11 in the estimation 
of the public, from the inferior strength of the former." 

" For comparison with this experiment it may be useful to state 
that the breaking strains of a large portion of the collection of 
prepared fibre exhibited in 1871 were determined, and showed that the 
strength of the several descriptions reported at that time varied from 
53 to 84, with an average of 69, as compared with Manilla, which was 
taken as the standard at 100. On the other hand the samples of 
native-dressed fibre ranged from 70 to 122, with an average of 91. 

^' It should be stated that in all experiments undertaken to test the 
strength of the different samples of fibre, the breaking strain was 
determined by an apparatus which applies a gradually increasing 
strain to the strand that is being tested ; one end being attached to a 
spring balance, and the other to a frame that is carried steadily down 
by a screw. The indication of the balance shows the strain on 
the fibre at the breaking point, while the extension of the cord can be 
observed. The ends of the cord are carried over a smooth metal bar, 
and attached to an iron peg in the same manner as the strings of a 
violin. The quantity of each sample to be tested was carefiilly 
obtained by the weight of two portions of well cleaned fibre, cut to a 
constant length ; these weighed quantities were then carefully * laid' 
in a machine planned by Mr. Kebbell, which insured exact uniformity 
of twist in each cord. The breaks were all reduced to a standard of 
Manilla, to obtain which a series of thirty strands of that fibre, of the 
uniform weight, viz., twenty grains to one foot, were broken, and gave 
an average breaking strain of 347fcs. From this the strength of all 
the other fibres was centesimaUy calculated. 

" One of thfe chief uses of the comparison which was thus instituted 
was the observation of the degree of uniformity which is obtained in 
the quality of fibre placed in the market by the various shippers ; this 
uniformity being most evident among the samples procured from the 
Northern and Central Districts.* Those from the South showed a 

^^■^ ^»^^— I I — ^— ^ » ^m 11 « ■■■■!■■■ BMi a^— — — ^M^^^»^^ fc ■■ ■ ^m^t -IIIMllW^-.- Mil. ■■■■.II !■ _■ — -■ ■ 

* For convenience of reference the Colony was divided into districts — ^the Northern 
comprising Auckland, Hawke Bay, and Taranaki ; the Central, Wellington, Nelson, 
Marlborough, and Westland ; the Southern, Canterbury and Otago. 
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greater difference of quality, testifying that some of the manufacturers 
in that district did not perceive the necessity of scrupulous care in 
every process of preparation, were behindhand in availing themselves of 
the improvements that experience had suggested, or were adopting 
methods that did not produce the most desirable results. Nevertheless, 
it was observable that there had been a general approach towards that 
uniformity of quality, without which the fibre can never attain to a 
permanent position in the English or Foreign markets ; and there is 
now a marked absence of those inferior qualities which were formerly 
sent home in such abundance, and which, more than anythiag else, 
conduced to create the unfavourable impression so prevalent in the 
home markets with regard to the Phormitmi fibre."* 

* Commusiouers, 1871* 
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CHAPTER V. 

Native method of preparing the fibre. 

So many contradictory accounts having been given of the method 
employed by the Maoris in the preparation of Fhormiuniy it was 
thought desirable to obtain accurate iDformation on that subject. This 
duty was undertaken by Colonel Haultain, who, during the summer of 
1870-1, visited the native villages on the West Coast of Wellington 
province ; and the results of his researches in that district, and also 
information gathered during a visit to Auckland and Hawke Bay in 
the winter of 1871, will be found in the following notes : — 

"6th December, 1870. 

" There are but two varieties of Phormium growing on the flat land 
about Otaki, Manawatu, &c., called by the Natives HardkeJce and 
Wharariki. The latter is apparently a variety of Fhormium colensoi, 
found on the sand hills near the beach, growing from six to eight feet 
high, with a palish green leaf and edges of the same colour, and small 
flowers with yeUowish-green sepals, but as it was not in fruit I could 
not determine whether the capsules were * twisted' or * drooping.' It 
is not common (I had to walk more than a mile before my guide could 
show me a plant), and it is rarely cut by the Natives, who say that the 
fibre is weak and useless. An examination with the microscope proved 
that the quantity of fibre was very small in comparison with other 
varieties. The HaraJceJce is abundant, and the leaves are often twelve 
and thirteen feet long. It grows luxuriantly on any dry ground round 
the edges of swamps, or when away from stagnant moisture. It is 
subdivided by the Natives into Tuhora and Tukura, according to 
the length of the leaf, the former being the longer ; but I could not 
perceive any difference between the fibres either in strength or in 
colour. It cannot be stripped without the aid of a shell, in which it 
differs from the Tihore, 

" There are no native plantations of JPhormium in this district ; the 
choice leaves of the Harahehe are fine and white enough even for their 
best mats ; and any Tihore that is wanted for special purposes is 
brought from the upper part of the Wanganui River, where it grows in 
old gardens, or from Kawhia. 
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" In preparing Fhormium for the finer purposes, the Natives select 
clean unspotted leaves of a year's or eighteen months' growth, and use 
the upper portion only, cutting off the leaf about six inches below the 
point where the two blades adhere together, and rejecting the coloured 
edges and keel also. They strip the fibre from the upper surface only 
(that surface which is inside when the two blades are together), cutting 
the under side across, and then, with the round edge of a mussel-shell, 
tear up the whole row of upper fibres, bringing away the cuticle also, 
which has to be removed afterwards. 

" I asked the woman, Annie Kanara, who was working for me, to 
strip the other side of some x)f the leaves ; she laughed at such an idea, 
but tried,* and after failing several times succeeded with about a dozen 
leaves, and then objected to waste time on any more. This under 
fibre is not as abundant as the other, but extends the whole length of 
the leaf from the butt to the point ; it is equally fine and strong, and 
there was apparently no difference in the ultimate fibres when micro- 
scopically examined, but it is too green in colour to mix with the 
other, as it is difficult to separate it from the cuticle and surrounding 
cellular tissue. The breaking strain of the only strands I could 
prepare was 198 fcs. * 

" After stripping the fibre of the upper (or right) side, it was well 
scraped with the edge of the shell to remove as much of the cuticle as 
possible ; and when a small hank of a dozen or twenty leaves had been 
finished, it was thrown into a tub of water to be kept moist until a 
sufficient quantity was ready to be taken down to a running stream, 
where it was washed and scraped with the shell over and over again, 
till all the cuticle, gum, <&c., had been removed, when it was hung up 
to dry, and afterwards worked and twisted with the hand. It took 
Annie Kanara the greater part of two days to gather leaves and- 
prepare four or five pounds weight, and she would not part with it for 
less than Is. per pound. 

" It was very white and soft and bright, for the leaves bad befbn 
carefully selected, and the breaking strain was from 210 lbs. to 275 fes. 
But what an amount of hand-labour is necessary to produce a ton of 
this fine quality, and what a waste of fibre ! At least one-half the 
leaf is discarded, and the fibre from one side of the other half is rejected, 
so that the Maori obtains from each leaf only one-fourth the quantity 
that would be secured in machine-dressing; and as he would not 
select more than one in four of the leaves of any full-grown bush, the 

* The breaking strain here given was obtained in the manner described on pa^e 22, 
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European mill-owner, who cuts down the whole plant, could in the 
first year produce sixteen tons of his fibre from the same ground that 
would give only one ton of fine native-dressed Phormium. 

" In preparing Phormium for their mats, the Natives take much more 
time and trouble than has just been described ; they soak the fibre in 
running water for four days, and then beat it with a stone or mallet ; 
and this process is repeated over and over again for four or five weeks, 
or even for much longer periods, but I have no doubt that this 
excessive manipulation weakens the fibre, though it makes it very soft 
and durable. 

" I dare say that a few tons of the ordinary washed fibre could be 
procured from the Natives for less than Is. per fc., but not at Otaki. 
It was attempted to procure one ton through Mr. Bevan, an old 
settler and rope-spinner at that place, but he said he could not get it 
for less than Is. per lb. ; and the Eev. Mr. M'William, who kindly 
assisted me in securing the services of Annie Kanara, said that he 
had at first applied to the native woman who had lately prepared 
some for Bishop Hadfield, which was sent to England by Mr. Sewell, 
but she refused to work at any more, as she considered she had been 
insufficiently paid for whafr she had done. I believe she got 4d. per fc. 
for it. Annie Kanara got 6s. from me for her two days* work, and 
would have earned as much if she had been stripping flax for the 
ropc-spinners. These pay l^d. per R. (£14 a ton) for fibre that has 
been merely stripped and tied up into bundles. Of course the Natives 
take all leaves as they come for this purpose, but they only use the 
upper portion as they cannot strip the butts, and the spinners object 
to longer lengths than 31 or 4 feet, as being unmanageable. I got a 
sample from Mr. Dodds at Otaki, which he had prepared for rope- 
making by hand-hackling it, the labour and loss of weight bringing 
the cost up to £25 a ton (the breaking strain was 188 lbs). He had 
sent five or six tons to England, and it sold there at £25 a ton, leaving 
him to bear the cost of transport to Wellington, £6 a ton, and thence 
to England £8 or £9 a ton more. 

" Mr. Bevan is not making rope at present, as the Natives are 
demanding 2d. instead of l^d. a ib. for the Phormium, 

" Waikanae, 3rd January, 1871. — A number of women, and some of 
the old men, are very busy preparing the half-ton that was ordered by the 
Commissioners. They do not consider that £20 is By any means a 
sufficient price for it, and they are under the impression that they are 
to receive 5s. a day, besides the price of the Phormium, from the 
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Government. They tell me that they quite understood the terms pro- 
posed, viz., that they were to get £20 down, and also any balance on the 
home valuation after expenses had been paid ; but that the women would 
not work on those terms; and Wi Tako and others asserted that 
Mr. Halse, Mr. Young, and Mr. M*Lean had promised them each 5s. 
a day, in addition to the amount to be paid by the Commissioners. I 
told them that I was sure this was a mistake on their part. I am, 
however, not surprised at their objecting to £40 a ton as not sufficient, 
for I do not believe they could earn an average of Is. 6d. a day each 
at this rate for fine thoroughly cleaned Fhormium, such as was 
stipulated for. It takes so much time to free it from all the scull, and 
the suitable leaves are not readily procured ; they can gel but little of 
it in the immediate neighbourhood of their settlement, and a party of 
them have gone off to-day some three or four miles to a better locality, 
taking their food and blankets with them, and are not to return till 
to-morrow. It is difficult to get any accurate estimate of what 
quantity a native woman can prepare in a day. At a large meeting I 
asked the question, and Mary, Wi Tako's wife, said that some could do 
lib., some 21bs., and others as much as 4fi)S., according as they were 
fortunate or otherwise in quickly finding the proper leaves. "Wi Tako 
said that he thought that a woman could do as much as lOBbs. in a day. 
Some others assented to this provided she had not to collect the leaves 
herself, and that it would take a woman two days to coUect leaves 
enough for lOBbs. of the fibre, but it is evident that they have no clear 
idea as to weight in pounds. I examined the day's work of several 
women, and they certainly did not average Sflbs. "Wiremu Tamihana 
(the teacher) showed me what his wife, Penelope, one of their best 
workers, had got ready; it filled two lOOib. flour-bags, but there 
certainly was not one cwt. of fibre and he said that she had been 
working steadily at it since the lOth of November, and had not missed 
a day, except Sundays, so that she had not averaged more than 2fes. a 
day, but she was fuUy calculating on getting 5s. a day all this time, in 
addition to her share of the £20. 

"The women here do not prepare the JPhormium in exactly the 
same way as that I procured from Otaki. This is stripped and then 
allowed to dry before the scuU is scraped off, and it is not touched with 
water. It has, in consequence, a harsher feel than the other, and is 
not so silky in appearance. I pointed this out to Mrs. Tako, and she 
admitted that the washing was an advantage, and showed me a few 
hanks that she had treated in this way. It would add to the labour 



28 Native Method of Preparing the Fibre. 

considerably if they took their fibre down to the river here to wash 
it, and therefore they are adopting the dry process, which makes it 
white enough. 

" It is not every mussel-shell that will strip well. They require one 
with a straight edge. The best come from "Wellington, and Wi Tako 
on his recent visit brought them up a supply. A shell will not la«t 
more than two or three days, it then gets too smooth to strip, and is 
used only for scraping off the scull. 

" I observed that Mrs. Tako had three shells for completing her 
work, and others always used a different shell for the scraping part 
of the process, and occasionally roughened the edge of the stripper, 
if it was not working well. 

" The women use several of the sub-varieties indiscriminately ; they 
will take any of those named by "Wi Tako in his letter of the 19th 
December, viz., Oue, Matimoa, JSuhiroa, Ngutunui, Atiraukawa, lUUaroa^ 
Aiewhehe^ and Tarariki ; but I could find no one who had an accurate 
knowledge of all these varieties. No one could decisively point out to 
me which were which, from the parts of the leaves that the women 
were working at ; and whilst discussing the question, a boy who had 
heard what was going on, went off to the swamp, cut a bundle of 
leaves, and threw them down before us, when there was immediately a 
dispute as to what varieties they belonged to. It was agreed that W. 
Tamihana, who was looked up to as an expert, and an authority, 
should go with me and point out the different kinds. He was often 
puzzled, and more than once took two varieties out of the same 
clump and pointed out distinguishing marks which did not always 
agree. I took tracings of all the kinds he named, but I was not 
satisfied that he had entire confidence in his own discrimination. 
Several of the varieties are named by Mr. Kelly, Eev. Mr. Taylor, 
and others, but the descriptions seldom agree ; none are cultivated 
here, and all must be stiftpped with a shell. I think it is probable that 
imder cultivation they would improve into Tihore, 

" The women prefer the Oue and the Ngutmui^ the latter having a • 
greater abundance of fibre, and the former being very white ; the 
Jdaumoa is the most common about here. Wi Tako and all the natives 
agree in saying that this is a bad time of year to prepare Fhormium, 
when the flower stalk is green. The fibre will strip out much easier 
when the stalks are dry. There is not much Fhormium in flower this 
year in this district. ■ 

" It is evident from the colour of the * scull ' that is stripped aWay 
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with the fibre, that the epidermis of the upper side of the leaf only 
appears green from the green tissue underneath, for it is in itself of a 
light buff yellow colour. The epidermis of the under side of the leaf 
is a decided green. 

" 4th January, 1871. — I went out to-day to see the party who started 
yesterday to work ; there were nine women and two men, and they had 
bivouacked fuUy five miles from Waikanae. As we rode along, "W. 
Tamihana pointed out several clumps of Fkormium bushes, which the 
party had tried on their way, and which had not satisfied them ; and it 
is plain that only a small proportion of the Fhormium is suitable for 
the fine fibre ; and, where they did fix on a good clump, they did not 
select one in twenty of the leaves that were on it. They choose fuUy 
matured leaves, which are quite perfect, and have no signs of decay. 
They had no preference for any one of the sub-varieties in particular. 
I enclose small samples of the several kinds, which they dressed for me, 
cleaning the fibre from the scull before it was dry. They show, as far 
as I can judge, that there is little or no difference in quality and 
colour. 

"I don't think that this party of eleven natives wiU complete more 
than 50ibs. of fibre for their two days' work ; but I could only form a 
very rough guess, from what I saw lying around them. They have no 
scales and weights themselves. 

"Manawatu, 6th January, 1871. — The natives of Otaki are not 
preparing any of the fine flax ; they think the price insufficient. I 
tried to induce T. Eauperaha to take it in hand ; but he seemed to 
consider the attempt was useless. They are making a little at 
"Waikawa, on the Ohau, some five or six miles further on, but I could 
not make any arrangement for the purchase of it, although I offered 
to take what they could get ready ; they would not listen to £40 a 
ton, at which rate I told Eauperaha I was prepared to purchase. I 
did not go to the settlement, but several of the principal men were 
at Otaki. The Otaki natives maintain that there are but two kinds 
of jPhormium growing in this district, Harakeke and WharariJci ; 
and when I told them that a great many varieties were recognised by 
the Waikanae people, they said that it was only Ngatiawa 'gammon,' 
and that the Otte, Nguttmui, &c,, were not to be had nearer than 
Taranaki, that it was all Harakeke. They are again stripping common 
Thormium for Mr. Bevan, at l^d. a pound ; and I enclose a sample 
stripped with a piece of iron hoop, which they use for their own ropes, 
halters, &c. 
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"Opunakc, 13th January, 1871. — ^The natives at Opunake, after 
Bome consideration, declined to prepare any fibre on the terms made 
with Wi Tako and the Waikanae Maoris. They said that the work 
was too much, and the price too little ; and moreover, that they had 
leased all their Fhormium to the mills, and were busy making roads. 

" They produced samples of fibre from eighteen different varieties 
of Phormivmy and gave me the names. I tested their knowledge in 
various ways, until I tired their patience, and they refused to answer 
further questions, but asserted that there was no * humbug.' They 
were, however, anxious to prove that there was no mistake about the 
names, and more than once sent the sample in question to another 
hut, where it was referred to an old woman, who was considered an 
authority in these matters. Mr. Kelly, M.H.E,, says that there is but 
this one woman in the whole district who has a good knowledge of the 
varieties. 

" I offered them 6d. a ft. for the samples, which they agreed to take, 
but on finding that the parcel weighed only fifteen pounds, they refused 
to let it go for less than 10s., and, on my objecting, carried it off: I 
had to accede to their terms the next day, as I wished to get the 
samples for experiment and comparison. 

" They consider the AtirauJcawa the best plant in this neighbourhood, 
but I have come to the conclusion that the varieties of Fhormium have 
different names in each district, for I could not find the descriptions 
agree either with what I had seen elsewhere, or with those given in 
the Commissioners' Eeport of 1869-70. 

" There are no varieties cultivated in this part of the coast, and the 
natives all referred to Taiporohenui and Matangarara, in the Patea 
district, as the only places at which there are plantations. Ngahina 
informed me that they would be quite ready to prepare any quantity 
we might require if they were allowed to go hack to those settlements — an 
inducement that is not likely to be accorded to them. 

" 13th June, 1871. — I have found it impossible to procure any fine 
dressed native Fhormium from Waikato, Bay of Plenty, or Napier. 
The Maoris will not undertake the labour of preparing a large quantity. 
One of the replies from Waikato was, * that they did not care about 
money now as it would not purchase arms and ammunition.' 

"I set a native to work at some of the Bataroa growing near 
St. John's College. He was tolerably expert, and wasted no time, 
but barely managed to prepare two pounds weight in a day of eight 
hours. There was no difficulty in stripping out the fibre, but a great 
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deal of time was occupied in completely removing all the vegetable 
tissue that remained attached to it. It was only the unblemished first 
pair of leaves, next the centre, that yielded a pure white fibre, all the 
others were more or less stained or discoloured, 

" What they require for making their fine mats is so trifling in quan- 
tity that they will take any pains in preparing it, and they sometimes 
keep it for years to improve its colour and texture, placing a high value 
upon that which is very x)ld ; but to make several hundred weight 
would involve an amount of time and trouble that they do not care to 
encounter, unless guaranteed a remuneration far beyond its commercial 
value. 

" There are no Phormium cultivations at the Native settlements in 
the immediate vicinity of Napier. What they want for the finer 
purposes is selected in the swamp by those who are skilled in the 
art."* 

* Commissioners, 1871. 
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CHAPTER VI. 

European method of preparing the fibre. — Doseription of yarious machines. — Chief 
points to be attended to in the manufacture. — Oiling. — Sea damage. 

** Thbouohotjt the Colony there has beeu one almost universal 
method of manufacture by Europeans, having for its object the pro- 
duction of fibre for rope-making. The green leaves are stripped by 
revolving rollers, with projecting beaters, travelling at a high rate of 
speed, which crush the epidermis against a fixed plate so set as to 
allow room for the fibre to remain intact. The fibre thus freed from 
the leaf of the plant, is washed by various methods, put ou the ground 
or on lines to dry and bleach, finished by an arm or barrel-scutch, and 
when baled, is ready for market.*'* 

"The machines used in the province of Auckland are of three 
kinds, made respectively by Messrs. Eraser and Tinne, of the Phoenix 
foundry, Auckland, Messrs. A. and Q-. Price, Onehunga, and by 
Messrs. E. G-ibbons and Co., of Onehunga. All these machines are 
however identical in principle, and vary only in the details by which 
the principle is carried out. This principle is that the leaf is held 
between horizontal feed-rollers, revolving at a certain speed, while, as 
the leaf passes out from them, a drum, armed in its circumference 
with iron beaters, and revolving more rapidly than the feed-rollers, 
strips the epidermis and tissue away from the fibre, means being 
provided for adjusting the beating drum to a proper .distance from the 
roller or bar against which the Fhormivm leaf is stripped, so that the 
leaf may neither, on the one hand, pass through without being crushed, 
nor on the other, have the fibres cut. Another contrivance common 
to all the machines is vulcanized india-rubber cushions or spiral springs 
placed over the journals of the upper feed-roller, so as to allow 
diiferent thicknesses of leaf to be passed through. 

" The first essential of a Phormium machine is, of course, the 
quality of the fibre it produces. This depends to a certain extent 
upon the shape and velocity of the beaters, but more particularly 
upon the ease and accuracy with which the machine can be kept in 

* Commissioners, 1871. 
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adjustment. The length of that portion of the tip of the leaf which 
is left undressed by the machine, depends upon the firmness with which 
the feed-roUers grip the thin point of the leaf, and the distance of the 
place where the leaf is crushed from the place where it is held by 
rollers. 

" We know that, on the one hand, simple percussion with a hammer 
on a block of wood, and on the other, scraping with a knife or shell, 
can each be made to yield good fibre, so that the limits of the speed 
at which the beaters strike the leaf, which is necessary for making 
good fibre, are probably very wide. The velocity with which the 
beater scrapes the JPhormium is of course the diiference of velocity 
between the beater and the leaf as it passes through the rollers ; and 
as the blow is delivered not at right angles to the leaf, but at first at 
an acute angle, which rapidly changes to the same direction as the 
leaf as the beater passes round with the circumference of the drum, it 
follows that the greater the velocity of the beaters the more will their 
action be one of scraping, and the smaller the velocity the more will 
their action be one of percussion, or more properly detrusion. 

"In Eraser's old machine, and in Price's smaller one, the beating 
drum is thirteen inches in diameter, armed with fourteen beaters, 
consequently, when making 1,260 revolutions a minute, the velocity of 
the beaters is 71*5 feet per second. The velocity of the circumference 
of the feed-rollers, 6t, in other words, the velocity of the leaf, is about 
2*7 feet a second, thus leaving a velocity of 67 8 feet per second with 
which the beaters pass the leaf. • In Gibbons' machine the beating 
drum is seventeen inches in diameter, armed with thirty- eight beaters, 
and revolves at only half the speed of that of Price's and Eraser's 
smaller machines, the feed-rollers of all moving with the same angular 
velocity. Consequently, when Gibbons' drum is making 630 revolu- 
tions per minute, the beaters have a velocity of 46*7 feet per second. 

"The feed-rollers of this machine beinpr slightlv larger than the 
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others, the velocity is 2*8 feet per second, making a velocity of 43*9 feet 
per second with which the beaters outstrip the leaf, so that the velocity 
of the beaters to the feed is as 1*17 in Gibbons', and as 1*26 in Price's 
and Eraser's old machines. In Price's and Eraser's old machines 
there are fourteen beaters on each drum, the feed-roUers are 2*5 inches 
in diameter, and the drum makes five revolutions to one of the feed- 
rollers, so that each blow of a beater is on an average (as the beaters 
are not equi-distant), rather more than one-ninth of an inch from the 
one before it. In Gibbons' drum there are thirty-eight beaters, the 
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feed-rollers are 2*6 inches in diameter, and the drum makes two and 
a-half revolutions to one of the feed-rollers ; consequently, each blow 
is delivered rather more than one-twelfth of an inch behind the former 
one, and the power saved is proportionately great. 

^^Notwithstanding these differences in velocity and in number of 
blows to an inch, we are of opinion that all the machines when in 
proper adjustment make equally good fibre. In Price's and Eraser*s 
old machines the beaters were placed diagonally across the face of the 
drum, sloping alternately in opposite directions, and the spaces between 
them were filled with wood. Gibbons' new machine has the beaters 
set on the angle, but all running parallel, which allows them to be 
placed nearer together. In Price's new machine the drum is fifteen 
inches in diameter, with twenty-six beaters, which are of the same kind 
as in the smaller machines, but being placed closer together increases 
the rapidity of the blow. Messrs. Price tried the chevroned beaters, 
but afterwards abandoned them. In all these larger drums the wood 
between the beaters is omitted. We are of opinion that the position 
of the beaters on the drum matters but liltle as far as making good 
fibre is concerned, provided that the velocity is sufficiently great, and 
the striking edge of the beater round and smooth. It may here be 
remarked that Captain Button thinks that the beaters on the drum 
should be hard, but that the bar or plate against which the Fhormium 
is crushed should be soft. Mr. Booth, of Dunedin,*has endeavoured to 
carry out at least a portion of this idea, but has abandoned it. 

'' The adjustments of the differtnt machines vary considerably, but 
all are capable, with more or less ease, of adjustment while the machine 
is in motion : a point of the greatest importance. In Price's machine 
the Fhormium is crushed between the beaters and the loT^rer feed-roller ; 
and in his earlier machines the distance between the two was regulated 
by means of screws, which moved the journals of the beating drum 
forwards and backwards on a sliding bed ; now the drum is fixed, and 
the whole of the standards carrying the feed-rollers is moved in the 
same way, which allows the feeder to adjust his own machine without 
moving from his place. 

" In Eraser's new machine the Phormium is stripped against a thick 
plate rounded at the end, which is slipped under the feed-rollers ; the 
back of the plate has a flange, which is pressed forwards by two screws 
against india-rubber, the elasticity of which pushes the plate back 
when the screws are loosened. This adjustment is very easily made by 
the feeder. In Qibbons' machine a round bar with square ends takes 



Description of Various Machines. 35 

the place of the plate, and/being near the beating drum, it leaves very 
little of the leaf undressed. The adjustment is given by pinching- 
screws, which act through the boxes carrying the journals of the 
beaters. ^ 

"The wear upon both the surfaces of metal between which the 
JPhormium is dressed is very great, while a very slight wear prevents 
the machine from dressing the. Phorniium properly, so that the 
surfaces have to be constantly filed up or changed. In Price's 
machine, the lower roller, against which the Phormium is dressed, is a 
cast-iron hoUow cylinder. As their roller is three inches in diameter, 
and by constantly revolving always presents dififerent surfaces to the 
beaters, it lasts much longer than any other of the machines ; but when 
it is too much worn the machiue has to be stopped, taken to pieces, and 
the old cylinder groimd up, which is a work of considerable time, but 
they give a spare roller with each machine. 

" In G-ibbons' machine the round bar, having four-sided ends, can 
be shifted so as to show four different surfaces to the beaters as one 
after the other is worn out ; it is then thrown away and a new one put 
in. It was at first thought that eight changes might be got from each 
bar by shifting it end for end^ but this is not the case if good fibre is 
desired, and as the cost of the bar is trifling, there is no necessity for 
trying it. This bar can easily be shifted while the machine is in 
motion. As Gibbons has two machiaes on one shaft, the stoppage of 
one necessitates the stoppage of the other. In Eraser's machine no 
change of face can be obtained, but the worn plate can be slipped out, 
and another put in in a few seconds without stopping the machine, 
and the old plate can be ground up again, ready to replace the second, 
when it is in its turn worn hollow. The cost of these plates is also 
small, beiQg^only 2s. 6d. each. 

" The importance of dressing the leaf out to the tip is considerable, 
as it prevents great waste. In Gibbons' machine, and also in Eraser's 
new one, the feed-rollers are deeply and sharply fluted, and hold the 
leaf firmly to the tip ; the distance, however, to the place where the 
leaf is stripped is rather longer than in Price's, which, beating on the 
lower roller, reduces this distance to a minimum. On the other hand, 
the lower roller of Price's machine must bo made smooth, as the 
Fhormium is dressed on it, and so cannot take so good a hold of the 
thin end of the leaf, but allows it sometimes to be pidled through by 
the beaters. This can, to a certain extent, be remedied by the person 
feeding either twisting the thin portion of the leaf round his fore- 
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finger as it enters tte rollers, or by tis * tailimg' the butt end of one leaf 
to the thin point of the one before it, and so increasing the pressure 
on it. This * tailing on,' however, must not be overdone, as the leaves 
are apt to entangle with the ' out-taker' under the machine. Eraser's 
old machine had the fault of a smooth lower roller, combined with a 
considerable distance between the beating-plate and the feed-roller. 
In practice, when the machines are in good order, and working well, 
we are of opinion that there is little difference between Eraser's, 
Price's, and Gibbons' machines in this respect. 

" Next in importance to the quality of fibre produced comes the 
quantity of green leaves passed through in a given time. This depends 
not only upon the diameter and velocity of the feed-rollers, but also 
upon the size and shape of the leaf taken through, the liability to 
stoppage by fibre getting round the shafts, and the ease of clearing the 
machine when choked. The diameters of the feed-rollers are nearly 
alike in all the machines, those of Gibbons' being the largest, and the 
comparative velocity can of course be altered to the wish of the 
manufacturer. It is easy to drive the machines fast, and the 
* feeder' can put a large number of leaves through in a minute ; but 
our experience is, that from thirty to thirty-five leaves a minute is 
quite as much as the * out-taker' can manage without entangling or 
losing a large part of them, and it is in this direction that improve- 
ment is most required. It wiU be found that feeding at the rate of 
two and three-quarter feet per second wiU pass thirty-three average 
sized leaves through per minute, or a quarter of a ton per hour per 
machine. 

" The size and shape of the butt of the leaf that the machine will 
allow through is important, for much time is lost when the machine 
refuses to take in big butts cut square at the ends, and it takes too 
long to go over aU the leaves first and cut off the thick ends 
and point them, to say nothing of the waste of stuff that has been 
paid for. In this respect both Gibbons' and Eraser's new machines 
which have both feed-rollers fluted, Lave an advantage over Price's, the 
lower roller of which is compelled to be smooth. 

" Stoppages are sometimes occasioned by FTiormium getting round 
the shafts of the drum or feed-rollers, and into the bearings ; but with 
the machines in good order, this now seldom occurs except through 
carelessness. As, however, it will, in spite of all care, happen 
occasionally, it is of importance that every facility should exist for 
clearing with as little delay as possible. 
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" In erecting machinery to be driven by steam, care should be taken 
that the machine-house and chimney or funnel sliould be so placed that 
the prevailing winds shall carry the soot, smoke, and sparks away from 
that part of the establishment where scutching and packing operations 
are carried on. Pire-protectors should also be placed on the top of 
the fiuinel. "Want of attention to these matters has already been the 
cause of several fires. 

" Care should also be taken that the scutcher shall be so placed 
that the prevailing currents of iair through the mill, where no exhaust 
fan is used, shall take the refuse and dust away from those feeding 
the scutcher. "With all possible care, the impalpable dust flying about 
will reach their lungs, and therefore a respirator, as already suggested, 
sbould always be worn. 

" "Where it is necessary to work the scutcher and to pack or bale 
at night, patent lamps should be used, as all unprotected lights are 
more or less dangerous."* 

" An improved stripping machine which has been brought lately 
into notice is that of Mr. "White, of Auckland ; and, judging from the 
samples of fibre prepared by it, it deserves the attention of 
manufacturers, as it appears to clean the fibre without bruising or 
cutting it in the manner which is so frequently observed in the 
ordinary machine-dressed fibre, its action appearing to produce a 
result on the leaf more analogous to the scraping process of the 
Natives. The following description of Mr. "White's machine is 
extracted from the * Southern Cross,' of 25th April, 1871 : — 

* The process which forms the subject of this notice is one which com- 
mends itself to the favourable notice of JPhormium dressers. It is a great 
improvement on many of the old machines, but whether in the right 
direction or not it is hard to say, as it is impossible to decide what the 
right principle of JPhormium cleaning will yet prove to be ; but it is 
certain that it will prove as efficacious as simple when once discovered. 
Some time ago we briefly referred to the existence of Mr. "White's 
machine, but the invention being then imsecured, no description of it 
was published. By the last mail from the south Mr. "White received 
the necessary documents to secure his right, and longer secrecy need 
not therefore be maintained. Yesterday it was set in motion, driven 
by a belt from the engine in Mr. Hawkeswood's foundry in Chapel 
street. The machine consists, first, of a strong wooden frame, upon 
which the moving portions are fitted. In front of the workman is an 

* Commissioners, 1870. 
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iron feeding mouth, about three inches broad bj half an inch deep. This 
leads close to a pair of horizontal fluted feed-rollers, about sue inches 
long. These work into each other, so that the Phormium blade is 
thoroughly bruised before it comes to the stripping horizontal 
cylinders, two in number, and which are immediately behind the feed- 
rollers. These cylinders are about six inches long, with an equal 
diameter. After being adjusted in a turning lathe, grooves are cut 
along their surfi^u^e, about a quarter of an inch deep, and at an angle 
to the length of the cylinder of about thirty-five degrees. There are 
about three grooves to the inch, and the outer surfaces of the ribs 
thus left are about one-eighth of an inch wide. These cylinders are 
placed one above the other, and revolve outwards from the feed- 
rollers at the rate of about 2,200 per minute. The feed-rollers revolve 
at about one-eighth of this speed. Hence, after the leaf has been 
subjected to a thorough bruising by the feed-roUers, it is next 
subjected to the stripping action of the cylinders, which clears both 
sides of the leaf at once. Both cylinders have a slow reciprocating 
action, and thus the pMsibility' of a hollow being worn out in the 
centre of the cylinder is prevented, the reciprocating action causing 
them to be worn evenly. When the angle ribs on the cylinder have 
been worn down the grooves can be re-cut, and any irregularities in 
the wearing of the cylinders removed in the lathe. Thus, at a small 
cost, partly worn cylinders can be made as good as new. The necessary 
gearing to produce the diiferent motions, and the reciprocating action 
of the cylinders, is fixed upon the shafts of the two cylinders. Under 
each of the bushes of the lowermost feed-roller is placed a vulcanized 
india-rubber spring, so that the rollers bruise both thick and thin 
leaves of Fhormium equally without injuring the fibre. After the 
J^hormium has passed through this machine, it is put into one consisting 
of a pair of plain feed-roUers, and two circular hair-brushes. These 
strip oif all the fleshy matter of the leaf which the ribbed cylinders 
have brought to the outer surface, and pass the fibre out very clean. 
The fibre is next passed between another set of plain feed-roUers, 
which guide it between two smooth cylinders, having a rapid 
reciprocating action. This is found to divide the fibre into very fine 
filaments, and to make it particularly soft. These two machines can 
keep four of the first kind in constant work. The fibre is next soaked 
in water for some time, then taken out, dried, baled up, and is ready 
for the market. This is Mr. Whjte's whole process of !Phormium 
cleaning. To many it may seem a somewhat cumbrous system, but it 
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necessarily looks more so from a minute verbal description than 
seeing the process carried out. Although the cost of producing a ton 
of fibre by this process would be somewhat greater than by many of 
the more imperfect machines now in use, it will be seen that the cost 
cannot be. very great when leaves travel through the machine at the 
rate of 200 feet per minute. It mu9t also be remembered that 
JPhormium dressed on this principle is valued at a high figure. By the 
last British mail Mr. White received advices jfrom several extensive 
manufacturers in Scotland, to whom samples had been sent for valua- 
tion, stating that if JPhormium equal to the samples sent could be 
supplied in quantity, it would readily sell at from £70 to £120 per 
ton.' "* 

The machine which performs the mechanical operation of scraping 
with least injury to the fibrous bundles, and in fact approaches nearest 
to the native method, is that recently introduced by Mr. Pownall, and 
which is described in Appendix IV. It is however considered doubtful 
whether this machine in its present form can clean the fibre with 
economy, on account of its slow motion, and the fact that only 
half a leaf is put through at once.f 

A classification of the various machines which have been intro- 
duced for the manufacture of JPhormiwn will be found in Appendix 
IV. 

" The chief points in the manufacture on which the production of a 
good quality of fibre depends, appear to be as follows : — 

" 1. The careful selection of the leaves ; which should, if possible, 
not be in any way damaged or decayed. In practice, after a miU has 
been established for some time, the leaves that have from fourteen to 
twenty months' growth will be readily obtained and found to be most 
profitable. When the loss of the best fibre by tow, which is incurred 
by the excessive scutching required to get rid of the * croppy ends' 
and the * straw,' is taken into account, it is a question whether it will 
not pay to split the leaves and strip off the midribs and hard margins. 
Neither should the strong butts ever be allowed to pass into the 
machine, as is too frequently the case, in the hope of getting a longer 

* Commusioners, 1871. 

t Might not this machine be improved by increasing the width of the scrapen, 
and feeding the whole leaf through an aperture shaped so as to gradually flatten it 
out as it approached the rollers ? By this change the preliminary expense of splitting 
the leaves would be avoided, and twice the quantity of green leaf put through with 
the same labour and time as at present, and with only a ^ght proportional addition 
to the driving power. — J. Hectob, April, 1872. 
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fibre, as the effect is to produce ' coarse red ends/ wHicli materially 

m 

deteriorate the value. 

" 2. Whatever kind of machinery is used it must be very carefuUy 
attended to, being kept clean and in perfect adjustment. The employ- 
ment of a flow of water on the stripper has a very beneficial effect, 
both on the machinery and on the fibre produced. 

" If Mr. Kelly's improved contrivance for effecting the adjustment 
of the ordinary scraping machinery while in motion, on which he is at 
present experimenting for the Commissioners, should succeed in 
practice, it will admit of the adjustment beiug rendered more perfect 
than is possible under any present arrangement. 

" The use of a second stripper, through which the fibre passes 
direct firom the first, facilitates the after treatment. 

" 3. Thorough washing of the fibre after it has been reduced to 
finely divided bimdles, and immediately afl^er leaving the stripper, is 
resorted to for the production of the best qualities. As any maceration 
is to be avoided which will tend to make the fibre soft and cottony, 
long soaking is not suitable ; therefore, as the matter to be washed 
from the fibre adheres with considerable tenacity, mechanical force 
must be applied to effect the washing in a sufiiciently short time. 

" This constitutes the essential feature of wet- scutching, but none 
of the forms yet proposed for the application of this process are 
either perfect or admit of universal application. The error appears 
to be in most cases in applying too violent a force. "When there is 
an abundant supply of water, and sufficient pressure, the method 
that appears most promising is to wash the hank in a strong jet with 
slight percussion. On the other hand, if water is scarce the amoimt 
of percussion must be increased, but in no case must the breaking up 
of the fibre be carried to an extreme. 

"4. Bruising, excepting under water, and even handling of the 
liberated fibre, should be avoided as much as possible unlil it is quite 
free from the vegetable tissue. Rolling may then be used with advan- 
tage, but not till the washing is quite complete. The object proposed 
to be gained by roUing in this stage is not only to save time in drying, 
but also to consolidate and define the bundles of fibre. This latter 
point is a step in the process which does not appear to have attracted 
the attention it deserves. An examination of the native- dressed fibre 
shows that it is extracted from the leaves in long delicate bundles of great 
tenacity and strength; and when it is -desired to make cordage 
these long fibres are kept distract and prevented from fraying out 
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by the application of a little oil. In the European method of pre- 
paring the fibre on the other hand, the action of the stripping machine 
is so imperfect as to leave adherent tissue, which experience has shown 
cannot be removed without washing, which process, however, tends to 
entangle the bundles and deprive them of the clean defined form 
which is so characteristic of the best roping fibres. 

" 5. The bleaching and drying of the fibre, if the washing has been 
thoroughly performed, will be effected with ease and rapidity; and 
in the Southehi Districts especially, this is a point of great importance 
during the winter months. 

" If a pure white fibre were required the sun bleaching might be 
dispensed with altogether, as purity of colour can only be obtained by 
thoroughly washing out the hitter principle from the plant. As already 
stated, however, washing to such an extreme degree is not desirable 
when the fibre is intended for the rope mater. 

" The only course, therefore, is to employ the action of the sun to 
convert the residue of extractive matter that remains in the fibre into 
a form that is not prone to undergo further change. 

" The effect of the sun's light is therefore to change the nature of 
the substance producing a yellow red-tinge, that varies in depth with 
the amoimt of extractive matter in the fibre. The action of boHiug 
water on JPhormium is to darken this extractive matter to a grey 
tint, leaving it in the same condition as if it had been affected by the 
light. The macerating effect of the hot water on the fibre bundles is, 
however, prejudicial to the use of fibre thus treated for rope making. 

" 6. If the early stages of the process have been carried out in the 
above manner, the fibre wiU. contain little that requires to be removed 
from it by scutching, which should therefore be performed rather with 
the view of burnishing the fibre than of reducing the quantity by the 
production of a large proportion of tow. It is the saving thus effected 
that must cover the extra expense for labour in selecting and preparing 
the leaves, and in thoroughly washing the fibre. 

" Experience shows that the application of a small quantity of 
oil to the fibre not only improves its appearance, but also reduces 
its liability to undergo further maceration in water. The samples 
exhibited by the Natives of fibre prepared for making their fishing lines 
and other cordage, show that they appreciate the value of this 
application. 

" Oil is used by the rope-maker to fiicilitate the spinning of the 
fibre, but the best time to apply the oil, — at least in the case of 
JPhormium that is to be made into rope in the Colony — ^would be at a 
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final stage of the scutching, as a much smaller ivLaniity would then be 
sufficient. It may be suggested that after the dust and broken fibre 
has been removed from the hank, the fibre could be lightly varnished 
with oil in a second scutch, the beaters of which touch against a piece 
of felt passed through a slit intheroof of thebox from a trough-shaped 
cistern of oil on the top. The kind of oil to be used is now being 
experimented on. Paraffin has been recommended by Professor 
Church ; and some of the heavy petroleums, such as that singular form 
of Bock oil obtained at Taranaki, might perhaps be substituted for that 
substance with advantage. The Natives use animal oil, and the result, 
so far as yet ascertained, indicates that this kind will answer with certain 
precautions, and that it is at least much superior to the application of 
tar in any form, which has an action on the fibre like that of acids. 

" When the fibre is intended for export in bulk, it is doubtful if the 
advantage derived from oiling before making it up into bales would be 
commensurate with the increased risk of combustion taking place in it, 
unless it were kept for a considerable time before being compressed ; 
but, if the fibre is to be made up into rope in the Colony, there is no 
question of the great advantage which arises from applying the oil at 
this stage of the manufacture, and that rope so made will compete suc- 
cessfully with any other in the market. 

" 7. Experience has shown that iron lashings for the bales, whether in 
the form of wire or hoop iron, do not meet with favour in the market, 
and should not therefore be employed. 

" Opinion now appears generally in favour of protecting the 
bales with covering of scrim or other light cloth, without which the 
wet, dirt, and chafing that occurs during the land carriage and whilst 
lying about on muddy wharves, cannot fail greatly to injure the fibre, 
and no doubt are the cause of much of the so-caUed * sea damage ' fipom 
which so many of our exporters have sufiered. 

" The sample bales of the fibres which compete with the Phormium^ 
received from London, were all well protected by coverings, more care 
having been taken in packing them than is usual with New Zealand 
fibre. The Manilla bale was covered with matting made from the 
plaintain leaves, and this suggests that the cheapest form of bale cover 
for the New Zealand fibre might be made from the refuse leaves which 
are rejected in the process of manufacture. 

" Adherence to one uniform size of bale is most important, and it 
is thought best to adopt the dimensions of a Manilla bale, which 

measm-es 3fb. Sin. x 1ft. Sin. x 1ft. 8in., and weighs about 2icwt."* 



* OommisBionere, 1871* 
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CHAPTEE VII. 

Wet scutching. — State of the industry in the various districts in 1871. — Mills in 

operation. — Phormium as a roping material. 

" ALTHOrGH it appears that no material alterations have been intro- 
duced in the various processes of manufacture since the year 
1870, yet, as labour has become more skilled, and experience has 
suggested modifications in the machinery employed, there has been a 
marked improvement in the general quality of tbe fibre produced. 
This was readily observed by comparing samples from parcels which 
were sold during that year in London with others from bales that were 
more recently exported ; and there can be no doubt that if all manu- 
facturers could take advantage of every minor improvement that has 
been effected in different districts, they would still further improve the 
fibre, and diminish the cost of its production. 

" The only important advance attempted is wet scutching, the 
eSect of which in cleaning and softening the fibre is so marked that 
no part of the process of manufacture deserves more attention in order 
to perfect its application. Unfortunately, the usual mode of wet 
scutching has not been commercially successful. Por although the 
fibre was by this means so much improved that local purchasers were 
ready to give £S extra for the Fhormium, yet the loss of fibre by the 
formation of an excessive amount of tow and the additional expense for 
labour, (which together caused an extra cost variously estimated at 
from £G to £10 per ton) rendered the process an unprofitable one. 
The advantage of wet scutching is, however, so great, particularly in 
reducing the time required for bleaching, which is a point of the 
utmost importance in seasons when the weather is unsettled, that a 
further trial is strongly recommended. 

" In Auckland, as in other parts of the Colony, a large number of 
the mills that were started a couple of years ago have been closed. 
In the Mauku and "Waiuku districts, those that continued running 
were all worked by water power, as the extra expense of steam would 
have swallowed up the little profits that were still attainable. 

"Price's and Gibbons' machines, with an improvement on the 
former by Dugald, were chiefly used, but there was a difference of 
opinion as to their respective merits. The plant is not abundant in 
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this diBtricty and the cost of the green leaf is correspondingly high ; 
but there is sufficient for these small mill owners, who, working them- 
selves, and with their families, and sparing no pains to produce a good 
article (for none other will sell at a remuneratiye price), can earn feir 
wages. Their fibre meets with a ready sale in Auckland to the rope 
spinners, or for export to Sydney, where a good deal is made use of, 
as much as £13,000 having been paid within the last three years by 
one firm for New Zealand fibre, — ^from £17 to £21 a ton being the 
prices given for favourite brands. 

" At a mill in the vicinity of Napier a modification of the ordinary 
process was adopted. Steam power is used, and two of Price's 
machines were at work, a stream of water from artesian wells being 
kept running over the flax as it passed through. It is then squeezed 
through rollers, and washed and dried in the usual manner ; the leaves 
are carefully sorted into three lengths, and the cost of a ton of ordinary 
fibre is about £15, exclusive of interest and management. About 
three tons have been further hackled, to test its value in the London 
market, but as twelve tons of leaf will only make one of hackled fibre, 
and one of tow, at an expense of £35, it is hardly to be expected that 
the sale will be remunerative. 

" The only mills in operation on the west coast of the Province 
of Wellington were working on a small scale, steam being the usual 
motive power, as there is rarely a sufficient supply of water for the 
purpose of driving machinery in the vicinity of the raw material. In 
many cases the supply is even so short that there is not enough to 
allow of the fibre being thoroughly washed, which is a serious disad- 
vantage to the manufacturer. Price's stripping machines are the most 
general in use, and are universally preferred in this district, as they 
are said to dress the fibre more evenly, although Gribbons' machine 
causes less waste. "Wet scutching is employed only in one mill, 
owing to the deficient supply of water. At this mill, also, there 
being no screw press, a beam of wood thirty-six feet long is used 
for l)aling, a contrivance which is in common use in North America 
for compressing fur-bales, and might be usefully employed by small 
capitalists. ^ 

" There are several mills in the Wairau Valley, where there is 
abundance of raw material and water, but the manufacture has not 
been in all cases profitable. It has cost one mill-owner £20 a ton to 
produce eighty tons, including interest on capital ; and as the fibre 
was not weU washed, it would not rank above the second class. 
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" The fibre prepared in this district by Messrs. Logan and Sinclair, 
and by Mr. Goulter, deserves special mention, as having probably 
commanded the highest prices of any that has been placed in the 
London market. By both, Price's machine is used in the ordinary 
way, being driven by water power. Great care is taken in selecting 
the leaves, and water is liberally used in the washing process. The 
superiority is not attributed in any way to the raw material, but simply 
to the care and attention which is taken in every part of the process, 
and especially in the proper adjustment of the machine. The cost of 
the fibre delivered in Blenheim, ready for shipment, is stated^to be 
£14 to £15 a ton ; the prices it realized in London during the 
depression in the value of the fibre that was experienced in 1870 
ranged from £31 to £36. 

"At the mills at Leithfield, in Canterbury, wet scutching was 
adopted; the scutch having rounded wooden beaters revolving at a 
speed of 250 revolutions per minute, and not wasting much fibre, as 
6^ tons of green leaf gave one of fibre. Another improvement is a 
travelling table that takes the fibre away from the stripper, which 
answers perfectly, as it saves labour, and permits a flow of water to 
be pouring over the fibre whilst being put through the stripper. 
Price's machines are preferred, and the cost of manufacturing one ton 
of leaf is estimated at £18 ; this includes the expense of the steam 
engine, which is £3. 

"A modified process which requires notice is that of Mr. 
Joumeaux, who prepares a very white and soft fibre, the cost of 
which he states to be £14 a ton. The leaves are first stripped, then 
retted for four days without the aid of heat, afterwards passed about 
100 times through rollers in five minutes, while a copious flow of 
water pours over them. 

"In Otago and Southland both steam and water-power was in 
use, and the machines preferred are those of Messrs. Kincaid and 
McQueen. 

" Por full particulars respecting the principal mills which were in 
operation in various parts of the country in the years 1870-1, the 
reader is referred to Appendix III., from which it may be gathered 
that FJiormium fibre has only been produced with profit, when labour 
has been procured at a moderate rate, and when there have been 
the natural advantages of abundant raw material and water for 
motive power and for washing. 



46 Phormium cu a Boping Material. 

" Tho Manufacturer must bear in mind, that a good price in only 
obtained for the produce when every part of the process is carefully 
conducted, and when there is no false economy of labour, or undue 
haste in conducting the manufacture. 

'^ The very best parcels which have been sent to England, and which 
realized the highest prices in the London auction rooms, have generally 
been prepared by men of small capital, who, producing only a limited 
quantity, have found the necessity of minute care and attention to 
every detail. Experience has shown that under favourable circum- 
stances, and with water power, the best description and quality of fibre 
can be prepared ready for delivery at tho mill at a cost of £14 a ton. 
And, if this can be done on a small scale, much more should it be 
practicable when large operations give scope for systematic and 
economical division of labour. 

" During 1871 experiments were instituted to ascertain the relative 
durability of ropes made frotn Fhormium and other fibrca in common T 

use, and the results, given in Table I. on page 47, show that the New 
Zealand white rope when kept dry will last longer, and wear 60 per 
cent, better, than tarred rope of the same material, and 34 per cent, 
better than rope made from Manilla hemp. 

" When the ropes are wetted with salt water, however, the result of 
the comparison is very different. The lasting quality of the Manilla 
being actually improved, no doubt in consequence of the shrinkage, 
equal to 5 per cent, which takes place. 

" On the other hand, the effect of the salt water on the Fhormium 
rope is to reduce its lasting qualities 34 per cent. 

" The ropes used were run over pulleys fixed on a horizontal shaft 
at Messrs. Kebbell's mill, and through a block below, to which a 56ft. 
weight was attached. The pulleys had a circumference of 15i inches, 
grooved out to a diameter of 2\ inches. 

" The ropes were wetted with salt water poured on them till they 
would absorb no more, and the wetting was repeated every fourth day, 
when the ropes had apparently dried. 

"The JPhormium ropes were machine made, from Lloyd's Steam 
Rope "Works, near Auckland, and are valued at £45 per ton. The 
Manilla rope was purchased in Wellington, and was the best of the 
size that could be procured. 

" Erope made at Canterbury from Fhormium, dressed with black oil, 
has lasted well on board coasting vessels, and has evidently a great 
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power of rcsifiting wet. Plain New Zealand rope, used by Messrs. 
Stonyer & Co. in a Califomian pump, that was constantly in the waten 
would not last more than scf en or eight days ; while Manilla rope 
would run for twenty ; but a piece of the oiled Phormium rope under 
the same conditions did not give way till it had been ninety-five days 
in continued wear."* 

This observation led to a second series of experiments being under- 
taken by Mr. Kebbell in o^der to test the relative durability of rope 
prepared with oil, and the results given in the second part of the table 
on the previous page so far confirm the importance of the application 
of oil to the rope, as it appears to increase its lasting power to an 
extent that is hardly credible. An inspection of the oiled rope that 
has been running wet and dry for 118 days shows it to be quite sound, 
and so compact on the surface that the water does not readily pene- 
trate it. 

Two tarred lines of Phormium, similar to the oiled lines, were 
tested, both wet and dry, at the same time, but gave way, one in two 
days and the other in three, the fibre having evidently been injured by 
, the application of the tar. 

" In the second series of experiments the weights attached were in 
proportion to the sectional area of the ropes ; 56fts. for a 1*56 inch 
rope having been used in the first series. 

It should be stated that all the specimens of rope which have been 
experimented on by Mr. Kebbell are preserved in the Colonial Museum. 

"As bearing on the question of the relative durability of rope made 
from New Zealand and other fibre, we have the distinct evidence of 
Commander Lewis of the U. S. steamer * Eesaca,' that Phormium rope 
which had received a slight dressing of whale oil in the manufacture, 
and which was rovfe off" for tacks, sheets, staysail haulyards, jib-sheets, 
whips, &c., on a wet and excessively stormy voyage from Auckland to 
Valparaiso, lasting 54 days, was considered by the master of that vessel 
fully equal to any Manilla he had ever used. 

"Captain Manning also reports in December, 1870, *that some 21 and 
3 inch rope made from Phormium was used as burton-falls in taking in 
the cargo (1,200 tons weight and measurement) of the * Dragon,' and 
that on the completion of her loading he found it nearly as good as 
new and quite fit to take in another cargo, which is most unusual. It 
appeared to stand the friction of lowering goods better than either 
Manilla or hemp. It could not have had a fairer trial, as during the 

* Commissioners, 1871* 
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whole of the ship's loading it was exposed to extremes of wet, frost, 
and snow, which did not cause any alteration in its appearance, as it 
neither swelled nor got 'long-jawed'; nor was the lay of the rope dis- 
turbed as is generally the case, more especially with Manilla ; in fact 
it stood the hard work better than any rope he had ever used.' 

" These very favourable opinions are confirmed by an inspection of 
ropes exhibited in the Colonial Museum, which were used on board the 
ship * Crusader ' during a voyage from London to Lyttelton in 1870-1, 
the largest for discharging cargo, and the smaller for braces and haul- 
yards. To all appearance they are still quite good and sound. 

"Erom the evidence which has been obtained relative to the 
JPhormium fibre as at present prepared for rope making, confidence is 
felt that it has now secured a permanent hold on the market at a 
remunerative value, which wiU probably rise as shipments of the fibre 
become more uniform, and its valuable qualities are better appreciated. 
It also appears that the failures hitherto in the attempt to make it a 
profitable industry, have not arisen from any fault inherent to the 
plant, but from the want of experience on the part of many of those 
who embarked in the manufacture."* 

* Commissioners, 1871. 
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CHAPTBB VIIT. 

Compeiing fibres. — Culture and preparation of Manilla. — Fibre market in America. 

Pabticvlabs concerning the fibres with which the Thormium will 
hare to compete in the market as a roping material cannot fail to 
interest the New Zealand producer, and on this subject reliable 
information was obtained by the Commissioners of 1871 : — 

The competing fibres, with the prices of each in February, 1871, 
are as follows : — 

" 1. Bussian Hemp ; prepared from Cannabis saliva. Price of this 
sample in London, February, 1871, 34s. 6d. per cwt. Auction price in 
London, February, 1871, £31 to £39 per ton. 
" Imported into England in — 

"1868 ... Tons 23,754 Average price, £37 9s. 
"1869 ... 28,180 „ 32 18s. 

"1870 ... 30,641 „ 33 Os. 

" 2. Italian Hemp ; prepared from Cannabis sativa. Price of this 
sample in London, in February, 1871, 41s. 6d. per cwt. Auction price 
in London, in February, 1871, £37 to £44 per ton. 
" Imported into England in — 

"1868 ... Tons 12,275 Average price, £36 15s. 

"1869 ... 11,253 „ 40 19s. 

"1870 ... 10,433 „ 42 4s. 

" 3. Bombay Hemp ; prepared from Orotalaria tenuifolia. Price of 

this sample in London, in February, 1871, 27s. per cwt. Auction price 

in London, February, 1871, £17 to £25 per ton. 

"Importations of East India Hemp into England — 

"1868 Tons 989 Average price, £28 

"1869 2,142 „ 25 

"1870 2,179 „ 24 

"4. Sisal Hemp, prepared in Yucatan, from Henniquin — Agane 
sisalana. A native can prepare 69bB. in one day. Price of this sample 
in London, February, 1871, 48s. per cwt. Auction price in London, in 
February, 1871, £46 to £48 per ton. 

" 6. Egyptian Flax ; prepared from Linum usitatissimum* Price of 
this sample in London, February, 1871, 55s. per cwt. Auction price in 
London^ in February, 1871, £40 to dS48 pex ton. 
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** 6. Aloe Fibre ; prepared from Agave amerieana or Aga/ve vMpara, 
Price of this sample in London, February, 1871, 22s. per cwt. Auction 
price in London, February, 1871, £18 to £25 per ton. 

" 7. Manilla Hemp ; prepared from Ahaea (Muea textUis), of the 
Philippine Islands. Price of this sample in London, February, 1871, 
66s. per cwt. Auction price in London, February, 1871, 46s. to 80s. 
per cwt., according to quality. 

"Imported into England — 

"1868 ... Tons 8,756 Average price, £47 8s. 

"1869 ... 4,632 „ 52 19s. 

"1870 ... 6,467 „ 54 16s. 

In forwarding the fibres, Messrs. Q-. and J. A. Noble supplied the 
following information : — 

" With regard to Nos. 1, 2, and 3 : these, it will be seen, are 
entirely a different fibre from that of the New Zealand, or JPhormium 
tenax, Nos. 1 and 2 are occasionally used to supplement flax for 
linen, and largely for heavier fabrics of the same class, but No. 3 is 
only used for common cordage, and will always have considerable 
influence on the value of the lower qualities of JPhormittm, these being 
adapted to the same purpose. 

" No. 6. Aloe fibre. — This will come largely into competition with 
Fhormiuniy but from being badly cleaned it has hitherto not taken its 
proper position in the market. 

" Nos. 4 and 7. — Sisal and Manilla hemp are the most important to 
keep in view in preparing JBhormium, and the nearer this fibre can 
be brought to the quality of these two hemps the larger the con- 
sumption will become. 

" There are finer qualities in Manilla, Italian hemp, and Egyptian 
flax, but these samples represent good average qualities, and such as 
are used in the largest quantities. 

" The prices are generally higher than the average, particidarly the 
Manilla and Sisal hemps, both of which have declined since these 
sample bales were purchased — the former £3 per ton, the latter £5 
per ton. The other samples are £2 to £3 per ton higher than we 
should give for a parcel, as we were obliged to take them from different 
dealers, as importers would not break a parcel to give off sample bales. 
This difference in price arises from the quality of the fibres and the 
purposes to which they are severally applied ; in all cases, the freer 
from refuse the more valuable the fibre." 
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In Appendix IL, Table C, will be found a statement of the 
quarterly average prices of the competing fibres. 

Among the above mentioned fibres the only real rival of PhomUum 
is Manilla. Their similarity in appearance, and the fact that the 
price of Phormium in the London market is to a great extent 
dependent on the supply of the latter fibre, rendered it desirable to 
procure as accurate information as possible with regard to it. The 
following account of its preparation and culture, furnished at the 
request of the Commissioners, by Mr. J. S. Bicketts, H.B.M. Consul 
at Manilla, is accordingly given. 

" OuUure, — ^The Manilla hemp {Abaca of the Natives of the Philip- 
pine Islands) is made &om the fibre of a species of musa or plaintain, 
called Musa textilis. It gives a large quantity of seed, and its leaves 
are more pointed and of a somewhat darker colour than the common 
plaintain tree. It is mostly propagated by transplanting its offshoots, 
which are niunerous. 

" In some places the fruit of this tree is bitter and not edible, in 
other places it is eaten by the natives ; there would, therefore, appear 
to be more than one sort of musa from which the hemp is collected. 
It is, generally speaking, planted on the slopes of hills, and requires 
some little shade and plenty of moisture. 

" The trees are planted from six to eight feet apart, the earth being 
well heaped up on the roots. At jbhe end of the third year, previously 
to bearing fruit, the hemp tree is cut down and the fibre extracted. 

"A full sized tree gives, I am told, from one to one and a-half 
pounds of hemp. Too rich a soil is not good for this plant, and tends 
to the growth of the leaf and the diminution of the fibre. 

"This * musa' is found in nearly all of these islands, and I have 
seen it growing wild in many places in the interior : it is also to be 
found in Java and Borneo. 

" Process of Manufacture, — Numerous inventions have been made 
for the purpose of working up this fibre, but none of them appear as 
yet to have met with any success : indeed the hemp still continues to 
be produced by manual labour. 

"Immediately the tree is cut down it is stripped of its linings; 
these are then cut into pieces three or four inches wide : on this they 
are dra\vTi underneath an instrument resembling a saw fixed in a block 
of wood. The fleshy part of the cortex is thus scraped ofi" and the fibre 
alone remains ; this is then placed in the sun to dry. 
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" Two persons, one engaged in cutting down the trees and stripping 
them, and the other in extracting the fibre, can work nip some twenty- 
five pounds of clean hemp in the course of one day. 

" In some places the hemp is cultivated on the Metayer system, the 
workmen receiving one-half the quantity produced; in others, and 
indeed generally speaking, it is brought to market by peasant 
proprietors. 

" Supposing that two persons are able to produce 25fes. of clean 
hemp per diem, we have, if they labour twenty-four days in the month 
(and the natives seldom work more than this), GOOBbs., or about 4J 
piculs* as the produce of their labour during that time. The land in 
most places being but of a nomioal value, the actual cost of production 
would be little more than the value of the labour. Now, taking this 
at %6 a head per month, the cost of production would seem to be 
about $2 : 22 cents, the picul. 

" Money wages are never paid in the hemp districts ; the labourer 
generally receives half of the hemp produced by him. 

" The cost of maintaining a native may, including taxes, be 
calculated at about $5 a month as above mentioned. 

" Prices of H.emp, — ^When at Manilla the market price of hemp is 
$8 the picul ; at the port of shipment in the hemp district it is about 
$6i ; and if some distance in the interior, $4 or $5. In the year 1861, 
the price of hemp in Manilla was as low as $2 : 73 cents, per picul ; the 
natives at that time could not have obtained more than $1 : 87 cents. 

" Hemp now sells at Manilla at $9 per picul, and during the last 
year its average price was $10. The natives here labour to obtain the 
mere necessaries of life, with which they are content ; having obtained 
these, they manifest no regard for the future, and express no desire to 
accumulate. Hence, high prices do not, as in other countries, call 
forth an additional supply. 

"Should any machinery be able to be invented capable of supplying 
the place of manual labour in the extraction of this filament, the 
exportation of the same from these Islands would soon receive a 
considerable increase, for it must be borne in mind that the limited 
quantity of hemp produced is due solely to a scarcity of the labour 
necessary for the process of its manufacture, and not to any scarcity 
of the plant. 

* A picul is equal to 133^9)0. ayoirdupois. 
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** It is worthy of observation tliat tlie centre of tUs mnsa yields a 
yery fine fibre, which is used for the manufacture of a texture, much 
valued by the natives, and called * Sinamay.' The fibre takes also a 
blue and red dye ; the latter is obtained from the use of the leaves of a 
plant called ' Payonguit ' and the former by the application of the root 
of the Mmnda mixed with a little lime."* 

The chief market for Manilla, Sisal, and other fibres from which 
** white rope " is manufactured is in the United States of America ; 
and in 1871 the Hon. Mr. Yogel made personal inquiries in that 
country respecting the prospects of Fhormium being able to compete 
successfiilly with these fibres. Prom the notes of his interviews with 
the leading manufacturers it appears that '^ in New York the fibre is 
well known to ropemakers, dealers in flax, hemp, &c. Samples were 
frequently produced, but, as a rule, they were not good. The fibre has 
been generally imported from England, but some dealers spoke of 
direct importation as within their knowledge. As a Yule, the New 
Zealand fibre ia considered here not fit to compete with average 
Manilla; and samples of Sisal, of good quality, as well as various 
hemps, including some American grown, were during the inquiries 
shown by dealers as articles which would be preferred to the New 
Zealand Phormivm for use with or as substitutes for Manilla. 

" The present sale price of Manilla is about £42 per ton. During 
the war, and evBn since its close, the price has ranged from £55 to 
£76 per ton, but that average was spoken of as * altogether unhealthy,' 
and as preventing a free use of the fibre. Some years before the war 
Manilla fetched no more than £21, and an old practical ropeiftaker 
expressed the opinion that for a steady market the fibre ought to be 
little, if at all, above £25 per ton. 

" Eeference to the price of Manilla was necessary, because every 
person who was consulted stated explicitly, or clearly implied, that that 
is the standard fibre for ropes, cords, &c., and that its price must rule 
the prices of any others introduced. At the same time, almost every 
person consulted spoke of the fluctuations in the price of Manilla. 

" One of the samples of JBTiormium, prepared by Natives of the 
Wellington Province, was exhibited during the inquiries. Invariably, 
this fibre was most highly praised ; and, without an exception, the 
reports declared that if such an article could be had in quantity, it 
would certainly realise, at any time, as much as good Manilla. 



* Commissioners, 1871. 
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Amongst the opinions expressed were, * It is the very best fibre I have 
ever seen ;' * It ought, in time, to beat Manilla out of the market ;' or 
*It should compete with the best selected Manilla.' The practical 
head of a rope-manufacturing establishment (Mr. Marshall, of L. 
Conterbury and Co.), which was stated to be about the largest in the 
United States, after he had examined the rame sample, declared, * This 
would make the very best rope known. It would rank up to first- 
class Manilla,' and he was sure that a responsible firm in New York 
could be easily found to contract to make one thousand tons yearly, if 
it could be put down in New York for £42 per ton. A year ago, fibre 
equal to the sample would have fetched £55 per ton."* 

Although these very satisfactory expressions were respecting a fair 
sample of Native-dressed fibre, that could not be produced either in 
quantity or at moderate cost by the method employed, they show, at 
the same time, that it is only improvement and care in the manufac- 
ture that is required to develop a quality of Fhormitim fibre that will 
be appreciated in the market. Experience in the market, gained since 
these opinions were expressed, have tended indeed to show that the 
peculiar flocky character of the Native-dressed fibre is rather against 
its application to ropemaking, and that with the carefiil adoption of 
the most recent improvements for such purposes, machine-dressed 
jphormium can be made that will command a better price than Native- 
dressed. 

* For the remainder of Mr. Vogers memoranda on this snhject the reader is 
referred to page 13 of the Appendix to " Beport of Flax Commissioners, 1871." 
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CHAPTER IX. 

Microscopical and Chemical Properties. 

Betond the mere testing of the comparative strength of the Phormivm 
fibre, and the ascertaining of the nature of the constituents, etc., of 
the plant, no investigation of its properties appears to have been made 
public till that undertaken for the Commissioners of the New Zealand 
Exhibition of 1865, of the results of which the following is an 
abstract :— 

^^ Mechanical Preparation, — It was found absolutely necessary to 
commence the process by bruising the leaves. The leaves chosen were 
about seven feet long, from old plants, and the whole of the leaf was 
taken except about one foot of the base. The double leaf was placed 
upon a stuooth block of hard wood and smartly struck over every part 
with a hammer, the iron head of which had its flat striking part 
rounded off at the edges to prevent the cutting of the fibre. By this 
process the bundles of fibres in the thick part of the leaf are easily 
separated from each other, but the top part of the blade, from its 
thinness, is much more difficult to break up. 

" The nature of those two constituents of the plant which are 
supposed to interfere most with its preparation was first examined 
into. 

" Bitter Frinciple of Plant, — This was found to be a non-nitro- 
genous, non-erystallizable body, of a pale yellow colour, feebly soluble 
in water, more soluble in alcohol, and capable of being absorbed by 
charcoal, and from which it can be dissolved away by alcohol. It 
refuses to form salts with acids or bases — ^it has aU the character of a 
neutral substance. It is entirely removed by the repeated washing of 
the bruised leaf in water. In its concentrated form it is a very pure 
and intense bitter, and might be used, perhaps, to communicate a 
bitter taste to beer, in the absence of hops. It would at least be less 
objectionable than drugs that are said to be used for this purpose. 

" Natwre of Onmmy Fart. — Soluble in water, but very slightly so 
when cold, and unless the solution is very much diluted, it thickens, 
on cooling, to an opalescent jelly. It is iusoluble in alcohol ; also in 
aqueous solution of caustic or carbonated alkali, or solution of soap ; 
indeed a clear solution of gum is rendered turbid and thick by either 
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of these. On the other hand, it is readily soluble in sulphuric acid, 
strong or dilute, a thick opalescent mixture of it with this acid quickly 
changing to a limpid and nearly transparent solution, the whole of the 
gum being dissolved with the exception of a few flakes of some gela- 
tinous substance which floats freely about in the liquid, and which 
are probably nitrogenous matters. In its chemical character and 
physical properties it much resembles gum arabic. "When once dried 
or merely desiccated in a natural way, it is only partially soluble in 
water, at least it is only soluble with great difficulty, and when in this 
dry state it is very hard and brittle ; probably it is this circumstance 
that tends greatly to injure badly prepared JPhormittm, the delicate 
fibres of which must be cut as with a knife by such a substance when 
they are twisted about in the process of manufacture. 

" The action of various chemical agents upon the leaves of the 
plant is found to be as follows : — 

" Action of Sulphuric Add, — ^Three ounces of the bruised leaf were 
warmed up with twenty ounces of water, and two grains of concen- 
trated sulphuric acid, previously diluted with water, were added. But 
this quantity was found insufficient to produce any result, even on 
long boiling, and the quantity of acid had to be increased to eight 
grains before any decided effect took place. With this quantity the 
green colour of the leaf was turned brown, and the solution also was 
coloured. Other three ounces of the leaf were therefore taken and 
treated with eight grains of sulphuric acid as before, and after boiling 
the whole for two hours, it was found that every part of the leaf was 
easily scraped clean by the nail, and the fibre did not appear to be 
damaged ; it was, however, very harsh and inflexible. 

" Further experiments proved that if the boiling process was kept 
up much longer, or if the amoun.t of acid added to it was largely 
increased, the fibre was greatly damaged. 

" Action of Hydrochloric Acid, — ^Hydrochloric acid was then sub- 
stituted for sulphuric, with precisely the same results. 

" The effect of an organic acid was next studied. 

" Action of Oxalic Add, — Oxalic acid was selected, as, from its being 
in a solid form, more exact quantities could be employed. 1,616 grains 
of the leaf were placed in twenty ounces of water, and boiled with 
twenty grains of crystallized oxalic acid, and digested for three hours, 
when the leaf was so much affected that it was easy to scrape it clean 
with a blunt instrument. This treatment did not impair the strength of 

the fibre at the time, though afterwards its strength seemed to decrease* 

B 
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The fibre obtained was bright and lustrous, and of a grey colour, but 
still harsh and inflexible, and, as was the case with the mineral aeids, an 
increased quatititj injured its strength. It was therefore evident that 
the use of organic acids possesses no special advantages over that of the 
cheap mineral acids. 

" Action of Alkalies. — 1,120 grains of PJtormium were put into 
thirty ounces of water, and one per cent, of caustic potash added, and' 
the whole warmed for four hours, or until the leaf would scrape clean 
with the nail. In this case, though the fibre was clean it was very 
tender, and no matter how the quantities were varied, no useful result 
was obtained, for simultaneously with the cleansing of the fibre, there 
was a weakening which could not be avoided. The same results were 
obtained when carbonate of soda was substituted for the potash. 

" These results are difficult to reconcile with what is said about the 
non-detrimental effect of stronger solutions of the alkalies, than those 
employed as above, upon linen goods in the process of cleansing them 
for the bleacher, but probably the fresh fibre of plants is more easily 
affected by the action of alkalies, than the same fibre after passing 
through the various operations used in preparing it for the manu- 
facturer. 

" Action of Oil. — ^The dry leaf was heated with it for some hours, 
but no advantage was gained, the leaf remaining unaltered. 

"Action of Alcohol. — The high price of this re-agent would of 
course prevent its use, even if the re-distillation of it from waste solu- 
tion for further use was resorted to. 

"An unbruised leaf was found to be merely discoloured by the 
loss of its chloroj)hyll, the external varnish being first removed, nor 
was the bruised leaf more favourably affected, the gum, as before 
stated, bei]ig quite insoluble in alcohol. 

" Action of Soap. — ^The last chemical experimented with was soap, 
its solvent powers upon many fatty and resinous substances being well 
known, and also the unsparing manner in which it is used upon many 
delicate fabrics without injuring them. 

" A certain portion of the bruised leaf was taken and digested in 
hot water for two hours. It was then boiled two hours longer with 

# 

12 per cent, of common soda soap, before it affected the leaf so that it 
would clean with the nail. The fibre so obtained, when scraped, 
appeared to be everything that could be wished for, being remarkably 
Boft and flexible, but with a faint shade of green colour, indicating 
probistbly that no decomposition of the fibre had taken place. "When 
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the sample of fibre so prepared had been kept for one year, it 
appeared to be equally as strong as at first ; and indeed JPhormium so 
prepared four or five years since still remains unaltered from the state 
it was in when first dressed. 

" A much larger quantity of soap did not hurt the fibre, hence its use 
is free from those objections which attach to the use of acids or alkalies. 
The high price of the soap, however, would entirely prevent any 
adoption of this process, as it would entail a cost of twenty pounds 
upon every ton of clean fibre. The expenditure of soap, however, can 
be greatly reduced in two ways. Ist. By washing the FJwrmvum 
repeatedly in warm water, and then adding the soap to the necessary 
amount. 2nd. Before adding the soap, by neutralizing with carbonate 
of soda the water in which the FJiormivm has been boiled, as it 
acquires an acid reaction. In each case the proper quantity of soap 
is that which gives to the warm solution a permanent froth upon its 
surface when stirred about. The first process of washing is preferred 
on accoimt of its greater cheapness, and also because it avoids the 
danger of using the excess of alkali to which the latter is subject. In 
regard to the second process, the quantity of alkali necessary will 
vary with the season, but, at the time of the experiment (autumn), 3*5 
per cent, of common washing soda, or 1*3 per cent, of the dry 
carbonate of soda was found to neutralise the acid substances of the 
Phormitim, In either case about one or two per cent, of soap would 
be necessary. The cost of chemicals would be £4 to £5 to produce 
each ton of clean fibre by the first process, when soap is used alone ; 
and by the second or neutraliziag process, about £6 or £7. As will 
be inferred, an abundant supply of hot water is necessary. Perhaps 
the readiest and most economical way to maintain this would be to 
connect the steam pipe of a boiler with a perforated coil lying at the 
bottom of the vat or tub in which the operation is carried on. 

^^ Fej'meniafion, — It has been thought by some that possibly 
J^hormium might be worked profitably for alcohol ; but as it was 
found to contain but 1 to \\ per cent, of sugar (grape sugar), even in 
the autiunn, it would not answer at aU for this purpose. It was, 
however, attempted to turn this process to account in the manufacture 
of prepared fibre in the following manner : — ^The bruised iPhormium 
was treated with hot water, and allowed to steep therein for three 
hours at 130 ® ; sulphuric acid in the proportion of two grains to the 
ounce of JPhormium being previously added to facilitate the change of 
the gummy matters, starch, &c., into sugar; the object being to insure a 
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good and rapid ferment, in order to break up the cells of the plant, if 
such was possible. The whole was then cooled down to 80^, and 
yeast added ; fermentation soon commenced, and went on pretty &8t, 
but when completed the fibre was found to be still difficult to clean, 
although considerably altered. 

" The liquor from the preceding experiment was perfectly clear, of 
a pale yellow colour, and had to a remarkable extent the odour of 
bitter beer, and undoubtedly a kind of beer could be made from a 
strong infusion of Phormium mixed with a moderate quantity of sugar, 
and then fermented. 

" Betting, — ^The last process tried was retting, to which process the 
varnish on the outer part of the leaf has hitherto proved an insuperable 
obstacle. 

" It was thought, however, if the leaves were first broken up by 
rollers or stampers — or, still better, by a comb with teeth set wider in 
the back, so as to separate the leaf into filaments without any bruising 
— so that the gummy matters which bind together the Phormium 
fibres could be placed at once in direct contact with water, these would 
soon enter into a state of decomposition, and communicate this to the 
more inert portions of the plant, and which, if stopped before it had 
extended to the fibre of the Phormium by its removal from the 
solution, would give us a product as nearly similar as possible to the 
home flax, just after retting, and consequently in a fit state to be 
scutched, with its natural strength of fibre but little affected. Several 
experiments were therefore made to test this, and some of the results 
certainly appeared to be very favourable. 

" General Remarks, — On reviewing these experiments we find that 
acids generally have the property of rendering the gummy matter 
which binds the fibres together soluble ; but, though this makes the leaf 
more easy to clean, still there is always a hardness and an inflexibility 
in the fibre so prepared which must prevent its adoption. In addition, 
there is a danger of hurting its strength, and, unless washed with 
great care, the result would be its gradual deterioration. 

" Oil, as might be expected, has little or no action. Alcohol, even 
if it could be economically employed, is useless, as it exerts no decided 
action upon those substances which have to be removed. 

" The use of caustic, or carbonate alkali, alone, though very bene- 
ficial in some respects, is very qbjectionable in others. They enable us 
to clean the fibre with ease, but at the same time they impair its 
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Btrengtli, always imparting to it a browiiiQli tint, w^iieli can scarody 
be looked upon as other than a sign of decomposition. 

" In the use of the last chemical experimented on — soajj — ^we have 
all the advantage obtained by the use of the alkalies above wit^^qut 
their disadvantages ; but the high price of this article w^uld prevent 
its adoption for this purpose if used alone. If, however, as before 
stated, the acid of the Phormium was first neutralised with carbonate 
of soda, the use of a small quantity of soap would effect the rest 
without incurring the least danger or adding much to the expense of 
the operation. The fibre obtained in this way is easily cleaned, is not 
discoloured, and appears as strong as that prepared without the use of 
chemicals. 

" The only remaining process requiring comn\ent is the modified 
retting process, and which, in our opinion, is likely to be the most 
promising, as it involves no expense in chemicals, and but little in fuel. 
When properly performed it will, without doubt, give results equal to 
those obtained by any of the other processes, and in one respect 
superior, the woody tissue which binds the fibres together in bundles 
being in this case so much affected by the decomposition of the gummy 
matter, that it offers little impediment to the splitting up of these 
coarse fibres into hair-like filaments by the hackling machines."* 

* Hector and Skej, 1864. 
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CIIAPTEE X. 

Biicroecopical and chemical properties — (continued). 

The ne^t investigation was that made with regard to the structure 
and colour of the JPkormium tenax, by Mr. T. Nottidge, of Christchurch 
and read before the Philosophical Institute of Canterbury on 1st 
September, 1869 :— 

" * * As is well known to all botanists, the fibre of the Fhoimium 
tenax^ is the woody tissue or pleurenchyma of the leaf. This woody 
tissue consists of cells very much elongated, and tapering at each 
end, arranged side by side in bundles, the ends of the proximate cells 
overlapping. 

" When the carefully cleaned fibre is teased out with a needle, and 
examined under a microscope by refiected light, with a power of 120 
Hnear, it appears to be white and transparent, like filaments of spun 
glass, and where it lies in bundles it has a lustre like satin. 

"When mounted in *Deane's gelatine,' and examined by transmitted 
lif^ht with a power of 225 linear, the ultimate fibres appear to be 
cylindrical tubes of considerable length (probably one and a-half to 
two inches, but I have not succeeded in tracing any one cell through 
its wholo length), the margins extremely smooth and regulal*, the 
finest of the fibres quite as fir^as the silk of the BombyoG moH^ or 
mulberry silkworm. The cells taper gradually to each end, and are 
slightly rounded at the poiut. A central canal of considerable size is 
plainly visible. I observed no transverse or longitudinal markings on 
the fibre. The central canal appeared to be filled with air only, when 
I examined the fibre in August, but this may not bo the case at all 
seasons of the year. 

" Transverse sections of the upper part of the leaf, mounted in 
' Deane*s gelatine,' and examined by transmitted light with a power of 
225 linear, show that the fibres are not round, but roughly hexagonal, 
with slightly rounded angles packed closely together in bimdles, but 
so that small interspaces are left at the rounded angles. The central 
canal is marked by a well-defined spot on each ultimate fibre ; and 
around this spot are slight indications of concentric lines, showing 
how the cell has been built up by successive deposits of cellulose. 
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" The ultimate fibres vary considerably in diameter, those neap the 
green or upper surface of the leaf being much finer than those near 
it's dull imder- surface. 

"When the ultimate fibres are bi'oken, they break transversely, 
and the fracture has a ragged edge. I could not discover any tendency 
to tear longitudinally into finer filaments. 

" The bundles of fibre are in the form of flattened bands, arranged 
with tolerable regularity, parallel to each other, lengthwise in the leaf, 
one edge of the band being close to the green or upper surface of the 
leaf, the other edge close to the dull or under surface. Some of the 
bands appear to be incomplete, and extend only to a short distance 
from the surfaces of the leaf. 

"In the centre of each complete bundle of fibres is a brown bundb 
of spiral or vascular tissue ; the central canals in this tissue arc larger 
than the central canals in the fibre. This spiral tissue appears to 
break up very easily, and to separate readily from the woody tissue or 
fibre. 

" The bundles of fibre are imbedded in the cellular tissue known ap? 
the parenchyma, or more accurately as the merenchyma, of the leaf, 
and are immediately surrounded by a layer of cylindrical cells, very 
similar to the cells just beneath the cuticle of the leaf. 

" The cells of the cellular tissue are, for the most part, filled with 
the greenish fluid juices of the plant ; the grains of chlorophyll — ^tho 
waxy green colouring matter of the leaf — being very conspicuous in 
the cells near the upper surface. 

" In the lower or butt ends of the leaf the ultimate fibres are much 
coarser, the bundles are cylindrical or oval, there is a great thickness 
of cellular tissue in which the bundles of fibre are imbedded, and the 
cells surrounding each bundle are filled with some reddish colouring 
matter, which, in some cases, seems to pervade the whole cellular 
tissue. 

" The fibre appears to be quite white and colourless in every part 
of the leaf, until the cells in its neighbourhood are ruptured. 

" From the above microscopic examination of the leaf and fibre, I 
have come to the conclusion that an erroneous opinion is prevalent on 
the following points, which are important : — 

" 1. There is no woody matter to be separated from the fibre ; the 
spiral tissue cannot, I think, be considered as woody matter ; and fi'om 
direct examina.tion of the so-called woody matter on imperfectly 
cleaned fibre, I have found it to consist of cellular tissue, and portions 
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of the cuticle or akm of the leaf, stiffened and glued to the fibre by 
the dried sticky juices of the plant. 

"2. The fibre cannot be indefinitely divided, the cells of the 
pleurenchyma or woody tissue showing no tendency to tear longitu- 
dinally into filaments. 

" 3. The ultimate fibres are shorter than is commonly supposed— 
probably not more than two inches in length, but on iWa point I am 
imable at present to speak definitely. • . * * * 

" The fibre consists of elongated tubular cells containing air, or 
perhaps a colourless liquid. 

" In each bundle of fibre, very minute canals are formed by the 
interspaces between the separate fibres. 

" The bundles of fibre are imbedded in, and surrounded by, the 
cellular tissue of the leaf. 

" The cells of the cellular tissue are for the most part filled with 
sticky juices of the plant, containing chlorophyll, albumen, fibrin, 
pectine, starch, gluten, sugar, aU that is popularly called gum, and in 
the butt-ends of the leaf the cells immediately surrounding the fibres 
contain a red fluid (probably altered chlorophyll). 

" In the process of manufacture, the leaf is beaten or bruised, the 
cellular tissue is completely broken up, the fluid contents of the cells 
are set free, and, by the same cause, openings would be forced in the 
tubular cells of the fibre, whether those cells contained fluid or air ; 
and if they contained fluid, some of that fluid would be pressed out. 

" The result is obvious : the fluid juices would be drawn into the 
tubular fibres and into the minute canals between the ultimate fibres, 
by capillary attraction ; and the tubes being so minute, tie capillary 
attraction would act very rapidly, and with great force. 

" The remedy that I would suggest is simple. It is to dilute the 
juices of the plant with water the very instant they are set free, so 
that the tubes may absorb a mixture of juice and water, the more 
dilute the better, instead of the pure juice. 

" The following facts tend to show that the above views are to a 
great extent c-^rrect : — 

*' The fibre, as it leaves the beating or stripping machines, is green 
in colour, and this green colour cannot be removed by mere washing. 

" When the moist fibre, washed so as no longer to tinge water 
greou, is passed between powerful roUers, a large quantity of green 
fluid is expressed. 

" The colour is improved by passing the moist fibre between rollers, 
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or through a beating machine, nnder a stream of water, and the sooner 
the water is applied after the fibre has passed through the stripping 
machine, the greater is the improvement in the colour. Por this last 
statement I am indebted to the manager of the Selwyn Plax Company, 
who has been making experiments on the washing of the fibre. 

"If the beating of the green leaf is effected under water, the 
resulting fibre is quite white. 

"If the green leaf is half dried, so that the juices may not flow 
freely in very minute tubes, and the fibre is then prepared by beating 
and subsequent washing, the fibre is much whiter than if prepared 
from the fresh-cut leaf in the ordinary manner, but the diffieulty of 
separating the fibre from the cellular tissue is greatly increased. 

V V ^ W W ■!• 

The results of an elaborate investigation into the intimate struc- 
ture of the leaf, by Captain F. W. Hutton, F.Q-.S., followed the above, 
and was read before the Auckland Institute on the 18th October, 1869. 

««#**«# J)evelopmentofLeaf. — The young leaf of the 
Phormium ienax, when about a quarter of an inch in length, is com- 
posed of loose parenchymatous tissue, covered both on the inner and 
outer surfaces, near the centre, by an epidermis of elongated rect- 
angular cells, the edges of the leaf being crenulated by the jutting 
out of the young growing cells. Imbedded in this cellular tissue lie 
about twenty-three vascular bundles, eleven on each side of the mid- 
rib. These, in this young state, are composed entirely of spiral vessels, 
which contain a single spiral fibre, easily unrolled with a needle^ 
These bundles are 0*0013 inch broad, and about 0*004 inch apart from 
one another. They lie longitudinally in the leaf, towards the central 
part of it, the outer growing edge being composed only of cellular 
tissue. The upper end of each bundle runs into that lying next to it 
towards the centre, and they thus get shorter and shorter as they 
recede from the midrib. When the leaf gets about an inch long the 
vascular bundles are still seen to branch and anastomose with one 
another ; but this soon ceases, and at all later stages they are very 
nearly parallel, converging slightly towards the point of the leaf. A 
layer of thin elongated tubes now makes its appearance, surrounding 
the bundles of spiral vessels. This is the first state of the fibres from 
which the plant has got its celebrity ; but as yet they are exceedingly 
tender, and break with the slightest touch. When, however, the leaf 
has attained a length of four inches, the fibres in the upper part of it 

t Nottidge, 1869. 
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have acquired considerable strength, while those at the base are still 
quite weak. When the leaf is about nine inches long, it commeneeB 
to exude gum, and appears then to be fully formed. 

" Description offull-groum ^eq/!— When fully grown, the leaf attains 
a length of from three to ten feet, according to soil and variety. The 
colour varies from light-yellow green to deep-blue green, with yellow 
or red margins and midribs, while the lower part of the leaf is usually 
pink. In shape the leaf is linear-lanceolate, and keeled, with an acute 
point. At a point rather less than half-way down from the tip, the 
two superior or inner surfaces of the two halves of the blade begin to 
coalesce at the midrib, and this coalescence gradually increases until 
one-half of the leaf is joined together. The coalescence then gradually 
decreases, until it occupies only about a fourth of the breadth of the 
half-blade, which breadth it^ keeps to the bottom of the leaf, the two 
half-blades being closely appressed as far as the base, where the two 
marginal edges closely overlap one another, and form a sheath through 
which the younger leaves grow. It is only the inner surfEices of the 
lower portion of the leaf, below the place where the coalescence of the 
two half-blades begins to decrease, that exude gum. 

" For the sake of convenience, I shall, in this paper, call the upper 
part of the leaf the blade ; that portion where the coalescence of the 
two half-blades reaches its maximum, and which is about half-way 
between the two ends ef the leaf, the butt ; and the lower portion, the 
base of the leaf. 

" The full-grown leaf is composed of parenchymatous tissue, in 
which £bro-vascular bundles lie imbedded, and remain isolated from 
one another as fibrous cords, some of which run from one end of the 
leaf to the other. This cellular tissue is covered, on both surfaces of 
the leaf, by an epidermis composed of elongated, rectangular ceUs, of 
considerable consistence, but without chlorophyll or ether colouring 
matter. 

'^ No stomata or other openings are found on either surfEkce, and 
ihe gum appears to be exuded by exosmosis. 

" The fibro-vascular bundles, which form what are commonly called 
the fibres of the plant, are composed of elongated tubular liber-cells, 
enclosing a centre of spiral vessels, and vary much in shape in different 
parts of the leaf. They are surrounded by a layer of elongated cells, 
that at once turn blue with iodine, and are probably cambium cells. 
The bundles are thickest at the base, and taper gradually to the point 
of the leaf. 
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" The spiral vessels are about 0001 incli in diameter, and contain 
a single, rarely a double, spiral fibre, which can be unrolled with a 
needle. They are filled with air, and have no strength, but are readily 
broken across. 

" The liber-cells on the contrary, have great strength, and form the 
true fibre of the leaf. They are very long, probably an inch or more,* 
while their thickness never exceeds 0*0006 inch, and is sometimes only 
0*0003 inch. They taper each way to a more or less blunt point, each 
cell being distinct from the rest, and not joined together end-ways. 
Notwithstanding their strength, they are of very delicate structure, 
colourless, translucent, and almost devoid of secondary deposits, the 
cell-waU being from 0*0001 inch, to 00002 inch, thick. They are 
hollow, and filled only with the air, but are highly hygroscopic, imbibing 
wat^r quickly, and during the operation twisting about in aU directions. 
The fibres, although round when separated, are not so when collected 
into bundles, being then compressed into ovals, polygons, &c., so as to 
fill up the whole space, and leave no interstices. They have the same 
thickness in all parts of the leaf. 

" At the base of the leaf the vascular bundles are scattered through 
the cellular tissue, in about four irregular rows. They are arranged in 
ovals of two sizes ; the largest, whose major axis is about 0*02 inch, 
and minor axis 0*014 inch, enclose in their centres a rhomboidal cluster 
of spiral vessels ; while the smaller, whose major axis is 0*015 inch, 
and minor axis 0*007 inch, contain none. Near the outer surface of 
the leaf four other irregular rows of fibre bundles, without spiral vessels, 
are found, . whose section is lanceolate, thus making eight rows 
altogether in the base of the leaf The fibres here are generally much 
weaker than in any other part, and can be easily torn across with a 
needle. 

" Near the outside of the leaf the cellular tissue, in which these 
bundles are imbedded, is lax and translucent, but towards the interior 
it is open and spongy, the cells being arranged in single rows, enclosing 
irregular intercellular spaces, which are of a tubular form, the tubes 
running parallel with the vascular bundles. These intercellular pas- 
sages begin to be developed when the leaf is about four inches long, 
and they are foimd only in those parts where gum is exuded. At 
present I have always found them empty, but it is possible that they 
may be gum-canals, or the glands or ducts by which gum is secreted. 

" In the thick part of the butt of the leaf, the internal rows of 
* Captain Hutton has eince measured the length of the ultimate fibres. See p. 74» 
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bundles are reduced to one, the others having died out. They are here 
club-shaped, with a constriction in the middle, and enclose a rhomboidal 
bundle of spiral vessels. Besides these there is also a marginal row 
of bundles, the largest of which alternate with the bundles of the 
interior row. They are of an elongated clavate form, constricted in 
the middle, and with a rhomboidal bundle of spiral vessels in the thick 
part of the club. Between these occur three smaller bundles, of an 
oval form, also constricted in the middle. The central one of these, 
which is situated just opposite to the interior bundle, is rather more 
than half the length of the largest, and encloses near its inner end a 
rhomboidal bundle of spiral veesels. The other two are of the same 
form as the central one, but not much more than half its length, and 
the bundles of spiral vessels, which are also near the inner end, are in 
section like the sector of a circle, or a boy's kite. The cellular tissue 
which encloses these bundles is rather lax and of a light green colour, 
becoming close, and densely filled with chlorophyll, towards the outer 
side. All traces of the intercellular passages have disappeared, but in 
their place two cylindrical bundles of large, loose, translucent cells 
appear near the end of each of the smallest marginal bundles, and 
these continue to the point of the leaf. The ceUs that surround the 
interior bimdles, and the rounded interior ends of the largest marginal 
bundles, are filled with a red fluid, as are also those of the midrib and 
margins of the leaf. 

The vascular bundles in the free part of the leaf, at the butt 
are rhomboidal in section, reaching the epidermis on the outer or 
inferior surface, but separated by several rows of cells from the inner 
or superior epidermis ; they enclose bundles of spiral vessels that are 
also rhomboidal in section. Midway between these, and near the 
superior surface, there sometimes occurs another small cylindrical 
bundle of liber-cells, without any spiral vessels, but more often this is 
absent. Between each of the vascular bundles there is also a 
cylindrical bundle of large loose cells, similar to those in the thick 
part of the butt. The midrib is formed by an elongated bundle of 
fibres, enclosing a rhomboidal bimdle of spiral vessels near its inner 
end, and it is surrounded by three circular bundles of fibres alone. 

" Higher up in the blade, as the free parts of the leaf get larger, 
the interior bundles of the butt die out, and the medial-sized marginal 
bundles elongate, until they, as well as the larger ones, reach almost 
across the leaf from the outer to the inner surface, the smaller ones 
retaining their relative size. AU have, however, now altered in shape; 
the larger ones are still clavate, but are swollen, instead of constricted. 
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in the middle ; and the swollen parts contain their bundles of spiral 
vessels, which neither in shape nor in relative position have changed 
vdth the liber-cells. The smaller or intermediate bundles have become 
more clavate ; but their spiral vessels have stiU retained their shape of 
the sector of a circle. Occasionally, on the inner side of the leaf small 
round bundles, composed altogether of fibre, are found, alternating 
with the bundles that cross the leaf. 

" The average thickness of these bundles on the superior or inner 
surface of the leaf is 0005 inch, and on the inferior or outer surfiace, 
0'0027 inch, and their distance from one another is 0*018 inch, or fifty- 
five bundles to the inch. There are, therefore, about two himdred and 
fifty bundles of fibres in the whole breadth of the leaf, not including 
the intermediate bundles, which would give about as many more in the 
lower part of the blade near the butt ; but towards the point of the 
leaf these intermediate bundles die out, leaving only the large ones, 
that go the whole way across. These also get finer and closer together 
the nearer they get to the point, so that there are almost as many of 
them close to the tip of the leaf as there are near the butt. On the 
inferior or outer surface, the bundles of fibres reach to the epidermis, 
but on the superior or inner surface, several rows of cells intervene. 
Each bundle of fibres is separated from the next to it, in the interior 
of the leaf, by a mass of lax translucent cells similar to those found in 
the butt of the leaf The rest of the cellular tisse is densely fiilled 
with chlorophyll.* **##*" 

* Hutton, 1869. 



70 



CHAPTEE XI. 

Ificrofloopical and chemical properties — {cotUinued), 

Captain Huttoit's views respecting the chemical constitution of the 
plant are more fully given in a lecture delivered before the Auckland 
Institute, on 12th July, 1870, from which the folloTving is extracted : — 
^ Gfwnmy products, — I will now pass on to the consideration of the 
gummy and mucilaginous products that are found in the leaf, and 
which are generally considered as the chief cause of all our misfortunes 
in endeavouring to produce a high quality of fibre. What is ordinarily 
spoken of as the * gtim,' is, in reality, at least three different products, 
viz : — 1, The gum on the outside of the lower parts of the leaf — 2, 
The bitter principle and mucilage contained in the cells of the leaf, 
and which, no doubt, is a mixture of several different substances, but 
which I shall treat as one here. — ^3. The cement that binds the ultimate 
fibres together into bundles. And as I go on I shall show that these 
three substances differ essentially in their chemical properties, and 
must be carefully distinguished from one another when considering 
the best processes to be employed in preparing the fibre. 

" Ghim. — ^Taking first, then, the gum, which is found only on the outside 
of the inner surfaces of the lower parts of the leaves, we find it to be 
colourless or pale yellow when pure, semi-solid and viscous. It softens 
and swells up slightly in cold water, but does not dissolve ; soaking in 
water for an hour or two and exposure to rain for three weeks does 
not Affect it. It dissolves easily in boiling water, and in acids, but not 
in alkalies. It will not dissolve in alcohol, but neither will alcohol 
precipitate it from solution, although, on the addition of large quantities, 
it turns the solution milky white. It is precipitated by basic acetate of 
lead, chloride of tin, and by nitrate of mercury, but is not affected by 
neutral acetate of lead. These reactions show that it is unlike any 
gum or mucilage hitherto known, but that it has properties inter- 
mediate to both. As it occurs only on the outside of the leaves it is 
easily removed by mechanfcal means, and does not give the slightest 
trouble in the present method of preparing the fibre. 

" Bitter principle emd mucilage, — These are contained in the cells of 
the leaf, along with chlorophyll, &c. It is well known that all parts 
of the Phormium leaf have an intensely bitter taste ; and when a 
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bruised leaf or broken tissue, knocked off by the machine, is placed in 
water, this bitter principle is dissolved out, leaving little in the cells 
but chlorophyll, or the green colouring matter. The solution is brown 
and turbid, but when filtered is of a deep claret colour, and with a 
slight acid reaction. On evaporation it yields a thick reddish-brown 
sticky gum, of bitter taste, and readily soluble in cold water. That 
this solution contains little or no gum, similar to that found outside 
the leaf, is shown by its chemical reactions ; for no change takes place 
on the addition of alcohol, neither does any precipitate fall when nitrate 
of mercury is added, but the solution is rendered turbid. On the 
addition of neutral acetate of lead, a large brown precipitate is formed, 
leaving the solution clear and almost colourless. It is also pretjipitated 
by chloride of tin, while the solution is left clear and golden yellow ; 
and also by basic acetate of lead. No change takes place on the 
addition of alkalies, but acids turn it yellow and slightly turbid. It is 
coloured black by oxide or chloride of iron, owing perhaps to its 
containing some tannin. These reactions show that this mucilage is 
essentially different from the gum. In its original state in the cells of 
the plant it is colourless, but on exposure to water or moisture it rapidly 
turns reddish-brovm, and stains the fibre ; it can, however, be entirely 
removed by soaking the fibre in running water for three or four hours. 
It must not be confounded with the red colouring matter found in the 
butts of some leaves, for the two are quite different, as I shall point 
out when discussing the advantages of soaking flax. The bitter 
principle might perhaps.be used as a dye or stain for wood, for on 
allowing a strong solution to stand for some days, a brown insoluble 
substance falls to the bottom much in the same manner as indigo ; and 
if it should prove of any value at all, the cheap rate at which it could 
be prepared at or n^r the mills ought to secure it an extensive sale. 

"Cement, — The ultimate fibres are held together by a cement 
which is quite different from either of the foregoing. It is insoluble 
in cold water and acids, but dissolves slowly in boiling water, and 
more quickly in alkalies. Pure soaked fibre, when boiled for three 
hours in water, yields a perfectly clear pale yellow fluid, with an acid 
reaction but no bitter taste, and which on evaporation leaves a 
brownish gummy substance, which is insoluble in alcohol or acids, 
but dissolves readily in alkalies or cold water. This solution under- 
goes no change on the addition of alcohol, or of basic acetate of lead, 
acetate of lead, nitrate of mercury, chloride of zinc, or perchloride of 
iron. On the addition of chloride of tin, a pale yellow precipitate is 
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formed, and the solution is left perfectly clear and colourless. Alkalies 
darken the tint of the solution, but acids bleach it. 

"It is therefore evident that this cement differs entirely from 
either the gum or the mucilage, but these differences will probably be 
made clearer to you if I bring together the effects produced by some 
of the re-agents. 

" Alcohol has no effect on the mucilage, or the com Lit, but turns a 
solution of gum white. 

•* Acids dissolve the gum, and turn the mucilage yellow. They do 
not dissolve the cement, but bleach it. 

" Alkalies have no effect on the gum or the mucilage, but dissolve 
the cement and turn it yellow. 

"Acetate of lead has no effect on the gum or the cement, but 
precipitates the mucilage brown, 

" Nitrate of mercury has no effect on the cement, and only renders 
a solution of the mucilage turbid, but precipitates the gum yellow. 

" We can now understand some of the results arrived at by Dr. 
Hector and Mr. W. Skey (ante, pp. 68-60), as for instance the action 
of alkalies on the fibre, which they showed always weakened it very 
much ; for although they have no effect on the gum they dissolve 
the cement which binds the ultimate fibres together, and so diminish 
their coherence ; while acids, although they dissolve the gum, do not 
affect the cement, and therefore do not injure the strength of the fibre 
unless used in such quantities as to attack the ultimate fibres them- 
selves, or the cement is dissolved by the boiling water. 

" It will thus be seen that the strength of the fibrous bundles 
depends entirely upon the cement that holds the ultimate fibres 
together ; and if this is dissolved, either by hot water or alkali, the 
whole would separate into a mass of fluff, with no coherence or 
strength, the fibres of which it was composed being half an inch in 
length.* ***###»» 

Captain Hutton again contributed to the histiology of the Fhormivm 
plant by a paper " On the means of distinguishing its fibres from those 
of Manilla or Sisal, by the microscope," which was read before the 
Wellington Philosophical Society, on 26th August, 1871. 

" To an experienced eye, the difference between Manilla fibre and 
Fhormivm, when in any quantity, is so great that I do not suppose 
that any mistake would occur in distinguishing between them ; 
but when a smaU portion only is available for examination, as when 

» Hutton, 1870. 
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Manilla rope is sparingly adulterated with Phormium, the case is 
different, and unless the easily recognised marginal or mid-iibs of 
JPhormium are present, the microscope will have to be resorted to before 
a satisfactory determination of the nature of the fibre can be made. 
Sisal, again, is still more diflScult to distinguish by the unassisted eye 
from JP7iormimn, than the latter is from Manilla, and I therefore pro- 
pose to give the characteristics of each fibre, when examined with n 
microscope : — 

"In Manilla, the fibrous bimdles are oval, nearly opaque, and 
surrounded by a considerable quantity of dried-up cellular tissue, 
composed of rectangular cells. The bundles are smooth, very few 
partly detached ultimate fibres are seen, and no spiral tissue. 

" In 8isal, the fibrous bundles are also oval, and surrounded with 
cellular tissue. They are also smooth, and very few ultimate fibres 
project from the bundles. They are, however, more translucent than 
Manilla, and can always be recognised by the large quantity of spiral 
fibres mixed up in the bundles. 

" In Machine-dressed JPhormium the bundles are translucent, and 
irregularly covered with tissue, being in places quite free from it. Spiral 
fibres can also be detected among the bundles, but not in the same 
quantity that is seen in Sisal. Many more ultimate fibres stick out 
from the bundles, which are flat instead of oval. In those places 
where the bundles are entirely freed from tissue, they are generally 
divided longitudinally into two or more smaller bundles, or fasciculi, 
and in these places the number of half- detached ultimate fibres is 
greatly increased; these are, however, rarely broken, most of them 
having the end perfect. Spiral fibres are here absent. 

"In Maori-prepared Phormium the bundles are almost entirely free 
from tissue, and quite so from spiral fibres. They are always broken 
up into many fasciculi, which average, perhaps, some twelve or fifteen 
ultimate fibres in each fasciculus. Many ultimate fibres are semi- 
detached, and they are much more broken than in machine-prepared 
fibre. 

" If an examination of the fibrous bundles fails to give a satisfactory 
result, resource must be had to the size of the ultimate fibres which 
compose the bundles, and this will always give a certain proof of the 
nature of the fibre under examination, provided enough measurements 
are made to strike an average, and this can always be done, as one 
fibrous bundle a couple of inches long wUl yield an ample number of 
ultimate fibres. 
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^ In order to accomplish this, the fibre must be first boQed for two 
or three hours in a weak solution of potash, by which means it will be 
decomposed. It will then be found possible to isolate individual ulti- 
mate fibres from the rest of the bundle by careful dissection witli 
needles under a microscope, the decomposed bundle being placed on a 
glass slide, in a drop of water. When thus prepared, it will be found 
that the ultimate fibres of Sisal wiU separate easily, those of Fhormivm 
with more difficulty ; while it wiU require great care to prevent break- 
ing those of Manilla while endeavouring to detach them. In feet, 
Manilla requires four or five hours boiling in a tolerably strong solution 
of potash, before the ultimate fibres can be detached readily. 

" GDhe following table gives the average dimensions of the different 
ultimate fibres, made from a considerable number of measurements of 
each kind : — 



— 


Length of ultimate 
Fibres, in inches. 


Diameter of ultimate Fibres, 
in inches* 


Thickness 

of 
CeU Wall 
in inches. 


Max. 


Min. 


Mean. 


Max. 


Min. 


Mean. 


Sisal ... 
Manilla 
Phormium .. 


•25 
•25 

•80 


•20 
•17 
•13 


•21 
•21 
•39 


•00140 
•00098 
•00070 


•00098 
•00060 
•00035 


•00112 
•00083 
•00045 


•00028 
•00024 
•00015 



" It will be thus seen that the average length of the ultimate fibre of 
JPhormium is nearly twice that of either of the others, while the average 
diameter is not much more than half that of ManiUa, which again is 
much less than Sisal. The ceU wall also of Fhormium is also much 
thinner than that of either of the other two."* 

* Hutton, 1871. 
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CHAPTER Xn. 

Microscopical and chemical properties — (oontiniied). 

The evidence adduced by Captain Hutton in the foregoing chapter, 
did not, however, meet with universal acceptance, and was criticised 
in a paper, read before the Wellington Philosophical Society, on I7th 
September, 1870, by Mr. "William Skey, Analyst to the Q-eological 
Survey Department. 

In this communication the author first points out that the gum 
from the Phormittm leaf is precipitated from its aqueous solution by 
alcohol, aud that it therefore is to be classed with all other gums and 
mucilages in that respect. Nor do his experiments confirm the 
chemical distinctions that Captain Hutton has described between 
the outer gum of the leaf and the mucilaginous substance in the 
cellular tissue. Eespecting the proof adduced ef a cement as a 
separate principle in the economy of the plant, the assumed function 
of which is to bind together the ultimate fibres, Mr. Skey states, 
"to me, these ultimate fibres seem quite free and clear of each 
other upon their longitudinal surfaces, if only they are taken fresh 
from the plant and kept moist. However, the determination of this 
microscopically I leave for others, and I proceed to discuss the supposed 
chemical identification of this cement. Captain Hutton affirms that 
* the pure soaked fibre, when boiled for three hours in water, yields a 
pale yellow fluid, with an acid reaction, but no bitter taste, which on 
evaporation leaves a b^o^vnish gummy substance, insoluble in alcohol 
or acids, but readily soluble in alkalies and cold water.' Now, I 
obtained an extract having the same chemical properties from Swedish 
filter paper (which is always held to be pure cellulose), by giving it full 
contact with boiling water for three hours, and this was after well 
washing the paper first in cold water, so that anything adherent to it 
accidentally, which could in any way affect the result, would be 
removed ; all the water used having been freshly distilled. 

" Simultaneously with the colouring of the water, bubbles of car- 
bonic acid gas were evolved from the filter paper ; and the same results 
were observed in the case of the purest JBhormiwm fibre when thus 
treated, while its surfaces acquired a distinct brown colour. 
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''The &ot tlien appears that the prolonged contact of boiling water 
with Tegetable fibres effects chemical changes upon them, whereby 
thej become more or less coloured, and yield portions of extractive 
matter to the water employed. It follows, therefore, that the substance 
extracted by Captain Hutton from the 'pure soaked fibre' is not 
> necessarily a cement at all, but might be, and no doubt is, in part or 
wholly, a product of the metamorphosis of the pure fibre itself. 
Granting, however, for the moment, that nothing but a cement has 
been removed in these experiments, I do not clearly see that the reac- 
tions, stated to have followed from the addition of the various chemical 
agents to the solution obtained, establish anything at all in relation 
to the nature of such cement. 

"The effect of prolonged contact with hot water, by Captaia 
Hutton's own experiments, exercises such a radical change upon the 
supposed cement, that it no longer refuses to dissolve in cold water, 
and has acquired besides a deep brown colour. Clearly, therefore, the 
reactions cited as belonging to, and characteristic of^ the supposed 
cement, properly refer to some body or bodies chemically distinct. 

" Taking all this into due consideration, I am compelled to think 
that as yet Captain Hutton has neither demonstrated the presence of 
cement in the Phormium plant performing the duty he ascribes to it, 
nor yet, supposing such a cement to exist, that he has informed us 
anything more of its properties than that it is insoluble in cold water 
and acids."* 

At a meeting of the Wellington Philosophical Society, on 26th 
August, 1871, Mr. Skey gave the following notes : — " On the presence 
in certain fibres of a substance susceptible of some striking colorific 
changes, when chemically treated." 

" In attempting to bleach some samples of Pkormttim tenax with 
chlorine, I experienced such difficulty that I was led to investigate 
into the cause, when certain re-actions manifested themselves, which I 
think proper to communicate at once, as they show that there exists 
in certain fi,bres a substance which, as far as I can learn, has not yet 
been described in chemical works, and from the deportment of which 
with certain re-agents, we are able easily to discriminate those fibres 
which contain it from those in which it is not present. 

" The results arrived at up to the present time are as follows : — 

" 1. That a number of fibres (that of the Phormium tenax included), 
when allowed contact with chlorine, hypochlorous, or chromic acid, 

* Skey, 1870. 
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acquire a pale yellow colour, which is changed to a beautiful rose red 
when the fibres are afterwards treated with alkalies, alkaline carbonates, 
or earthy carbonates ; while acids restore the yellow tint when applied 
to the reddened fibres. 

"2. That the alkaline manganates affect these fibres in the same 
manner as chlorine, etc., except that they are blackened by a deposit 
of oxide of manganese, which, when removed by the proper acids, 
leaves the fibre of a yellow colour, subject to the same colouration by 
contact with alkalies as in the above experiment (No. 1). 

" 3. That these fibres are coloured a pale yellow by alkalies and their 
carbonates, but, in the case of these last, the colour is paler than with 
the alkaHes. 

" 4. That by cold, strong, nitric acid they are coloured red-brown, 
which changes to a yellow tint on contact with alkaKes. 

" 5. That slightly diluted cold sulphuric acid renders these fibres 
quite yellow; while the concentrated acid blackens them at common 
temperatures. 

" 6. That when treated for a long period with chloriue, hot chromic, 
or nitric acids, these fibres are completely whitened, but deteriorated 
in strength. The addition of ammonia or sulphuric acid has then no 
colouring effect on them. 

" 7. That Fhormium tenax exhibits the same reactions with these 
several re-agents, and in as great a degree when previously digested 
for two hours in boiling ether, alcohol, or chloroform, or for eighteen 
hours in boiling water, or when soaked in cold water for eight days. 

" 8. That I'hormium tenax fibre cut up into lengths of one-eighth of 
an inch and digested for twelve hours in boUing water exhibits as well 
marked reactions to chlorine in conjunction with ammonia, or to 
sulphuric acid, as it-did before such treatment. 

" In the annexed columns, the effects of ammonia on the oxidised 
fibres of certain plants in relation to these changes of colour are 
stated : — 



Coloured Rose Fink. 


Coloured Brown. 


TJnalterei. 


Phormium tenax 

Yucca ... 

toisai ••• ••• ... 

£LxOQ ••• ... ... 


Wood 

•Manilla, impure ... 
„ pure (?)... 


Hemp. 
Sunn Hemp. 
Eheea. 
Eaw Cotton. 
Linum. 
... 
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"A great number of samples of Phormiiim tenax have been 
experimented with, the results being always similar; among these 
have been : — 

"1. Those prepared by machinery only. 

" 2. Those prepared by a short retting process and machined after- 
wards. 

" 3- Those prepared by Maoris — the cleanest I could obtain. 

" 4. Some prepared by myself and which had never been dry, and 
some of them which had been steeped in water five days. 

" In respect to the flax {Linum) used, it had no appearance of being 
bleached but only retted, but I am anxious to learn whether the fresh 
fibre of this plant would behave to these tests the same as that of the 
Phormimn tenaa, 

" GPhis, together with a great many other points, will require time 
to determine. It would be desirable, for instance, to know if long 
continued retting would remove or change the principle on which 
the colouration of the fibre depends, and also the effect of simlight ; 
also, whether the principle is as abundant in the fibre at one season of 
the year, as at another, and if it is equally dispersed through the 
several- varieties and parts of the leaf. 

" It is premature as yet to enter fully upon the deductions which 
these results would lead to, but I think the following points are clearly 
established : — 

" 1. That certain fibres, among which is PJiormium tenax, contain 
a substance quite distinct from the fibre, though such fibres Lave been 
prepared with the greatest care and appear to be quite pure. 

" 2. That this substance is insoluble in hot or cold water, also in 
alcohol, ether, and chloroform, and in aqueous solution of hydrochloric 
acid. 

" 3. That a small portion of it is on the outside of the fibre, as 
shown by the carbonate of Kme test. 

" 4. That the whole of this substance is probably in chemical com- 
bination with the fibre. 

"5. That it cannot be removed chemically without injuring the 
fibre, as even pure fibre (cellulose), which does not contain this prin- 
ciple, is weakened considerably when passed through these processes. 

" In reference to the nature of this principle it is difficult to 
conjecture, as it clings so persistently to the fibre as to appear 
inseparable, except in an altered state. 

" !Prom the blackening of the fibres containing it by sulphuric acid 
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I infer that it is non-nitrogenous — probably it is allied to some of the 
colouring principles of madder. 

" When oxidized by chlorine, &c., it has the colour of fresh turmeric 
paper, which paper is, like this, reddened by contact with alkalies. 

" In conclusion, I may observe that this substance is not unlikely 
to be the basis of the yellow and red colour of the Fhormitim tenax 
and other plants, and that while it may not be necessary to remove it 
from these fibres for many purposes to which they may be applied, it 
is questionable whether we can have them of a pure unalterable 
white colour, without its removal. 

" Further Notes. — 1. The fresh fibre digested for twenty-four hours 
in a weak solution of caustic potash, is whitened in those portions of 
it which have freest access to the liquid, that is the ends and outside 
portions, and such portions do not then give any reaction with 
ammonia after contact with oxidizing agents. 

" 2. That prolonged contact with cold hypochlorous acid also renders 
such parts colourless, or nearly so, and that ammonia has then no 
effect upon such fibres. 

" 3. That, by stopping the second process when the fibre is thus 
divested of the principle giving the reactions before described, such 
fibre does not appear to be greatly weakened, whether it is tested dry 
or wet. 

"4. That, in the case of the first experiment, the fibre is more 
weakened than in the second ; but, still, not so much that the fibre 
appears very easily or readily detached into ultimate ones. 

" Taking all these results into consideration, I do not see that they 
tend as a whole to establish any theory which may be brought forward 
that regards the principle thus indicated as a cement. 

" It is certainly a very definite principle, but the functions it may, 
or does, perform in the growing plant we have yet to learn. 

" I may state that I have not found it with certainty away from 
the fibres, while it seems a constant associate of them in their natural, 
or, at least, in their green state."* 



*Skey,187l. 
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CHAPTEE XIII. 

Microscopical and chemical properties — (continued) . 

With tho view of arriving at a definite opinion on the important 
questions raised in the valuable papers quoted above, the following 
further researches were made, at tho instance of the Commissioners, 
in the Government Laboratory : — 

*^ Action' of Fresh Wafer. — ^The nature of the matters extracted 
from different kinds of fibre by boiling water was made the subject of 
further experiment, and especially to ascertain their behaviour with 
the different re-agents suggested by Captain Hutton (ante, page 72) 
for the pm^poso of distinguishing the * cement.' The fibres examined 
were — 

" 1. Fibre extracted from the green leaf of the Fhormium, variety 
Manunu, in the Laboratory, by simple scraping and washing in cold 
water, care being taken never to allow it to become dry, until all tissue 
and juice of the plant was removed. 

" 2. Maori-dressed fibre, from the young leaf 

" 3. Maori- dressed fibre, from the old leaf. Both these were from 
the fine variety known as Rataroa. 

" 4. Machine-dressed fibre, prepared from the young leaf by Messrs. 
Logan & Sinclair. 

" 5. Sisal hemp. 

"6. Manilla. 

"In each case the samples, before being experimented on, were 
washed continuously, tiU they ceased to impart any extractive matter 
to cold water. In making the extract the same conditions were pre- 
served in every case, as to the amount of water, temperature, and degree 
of concentration of the. solution obtained. 

" The results obtained have been placed in the appended table. 

" 1. The specific gravity of the solution indicates the proportional 
quantity of matter extracted from each fibre by boiling. This, it 
appears, is least in the ^Jiormium fibre, which had been prepared 
without ever being allowed to become dry, and greatest in machine- 
dressed fibre. The fibre dressed by the Natives, the Sisal hemp, and 
the Manilla, all yield the same proportion, and considerably more than 
the well-cleaned Phormivm fibre. The amount of extractive matter 



JiEcroscof^l and Ohendcal Properties. SI 

contained in the fibre that is not easily soluble in cold water, but is so 
in hot water, has therefore an evident relation to the care with which 
the fibre has been cleaned. At the same time, in the case of sample 
No. 1, which is a perfectly white, or rather colourless, fibre, the process 
of boiling effected the same change of colour as was observed when 
filter paper was operated on, which tends to show that the fibre, or 
some portion of it, undergoes a change. 

" 2. The character of the extractive matter obtained irom these 
fibres appears to be in each case the same ; ihe different behaviour 
with re-agents employed being only such as are due to the different 
strength of the solutions. It was thus found, when proper precautions 
are taken to secure a pure solution of the supposed cement, that it 
proves to have properties identical with the solution obtained from fibre 
in which the juices of the plant have been allowed to dry. Also, that the 
extractive matter is to some extent at least due to an actual change of 
the fibre itself, probably oxidation ; and lastly, that the description of 
the reactions by which it has been proposed to distinguish this sup- 
posed cement as a definite element in the structure of the plant, is in 
some fundamental points incorrect. 

"Experiments were also made ia another form to determine the 
effect on the fibre of the removal of the extractive matter. A given 
weight of fibre was dried at 212^ Pah., and was found to lose 14*88 per 
cent, of its weight. A similar sample was first boiled for four hours 
in water and then dried, and was found to have then lost 16*66 per 
cent., or about 2 per cent, of dry extractive matter had been removed 
by the boiling. 

" The strength of the samples was then carefully ascertained to be 
as follows :~ 

"1. Broken in ordinary state ... ... 85 

"2. Dried at 212^ ... ... ... 75 

"3. Boiled and broken wet ... ... ... 80 

" 4f . Boiled and dried at 2 12^ ... ... 71 

" Action of Fresh and Salt Water on Eope, — In a report dated 12th 
August, 1870, the result was given of experiments made in the Labora- 
tory with ropes made of Manilla and Phormium fibres, relative to the 
alteration in length and weight which they underwent during succes- 
sive wettings and dryings. 

"1. It was found in every case that both fresh and salt water 
extracted a quantity of greenish black matter from the New Zealand 
rope, but that nothing was extracted from the Manilla. 
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^* ^. The New Zealand is mucli Harder and stiffer when wet tiian 
the Manilla, and looser in texture when dry. 

" 3. The Manilla shows less difference in length when wet and dry 
than the New Zealand, especially after treatment with sea water. 

« The difference between the two kinds of rope is, however, on the 
whole very slight, as disclosed by these tests, and only tends to prove 
that the New Zealand rope is more prone to absorb moisture and 
undergo other changes, indicating that the fibres of the plant still 
retain more of the properties of fresh vegetable tissue than in the case 
of the Manilla. 
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* Manilla. The rest Fhormium. 

" I!fect of Boiling Sea Water on the Fresh Leaf,— The effect of 
boiling the Phormium leaf in sea water was also made the subject of 
experiment, and it was found that when the leaf is first brmsed and then 
immersed in boiling sea water for three hours, the fibres are set free, 
and a large quantity of extractive matter is removed without their 
strength being impaired. Fresh water in which Phormium is boiled 
becomes acid, but the sea water in these experiments remained neutral. 

" Effect of Sea Water on the Prepared Fibre, — ^In continuation of 
the foregoing experiments, and especially with the view of testing the 
nature of the matter which in machine-dressed Phormium tends to 
bind the fibre into flexible woody bundles, the following experiments 
were made. 

" A small portion of the following fibres were thoroughly washed, 
cleaned, and finely divided, and then soaked in sea water for fourteen 
hours. The character of the extract was noted, and the change in the 
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appearance and strength of the fibre when dried was also ascertained. 

'^ Samples of the same fibres were also boiled for two hours in sea 
water, and the same observationB were made. 

" 1. Fibre extracted from the green leaf in the Laboratory, and 
thoroughly washed free from all extractive matter. This fibre was 
nearly pure white, and though it divided freely into its ultimate fibres, 
still possessed a degree of strength (93) in excess of ordinary samples. 
This fibre, having a mere trace of extractive matter, was unaltered in 
appearance after treatment with cold and hot sea water, and its 
strength was also unimpaired. 

"2. Pibro prepared by the Natives, soft, lustrous, and freely 
divided. This sample differed from the former in having been allowed 
to dry after the removal from the leaf before the extractive matters 
had been washed out. It coloured both hot and cold sea water pale 
brown, and was itself slightly changed in c^plour, whilst its strength 
was reduced 20 per cent. 

"3. Machine-dressed. This was a sample that had been steeped 
after passing through the stripper, and was clear, bright, and of a good 
colour. It was affected to the same degree by both the hot and cold 
sea water, but not so much as the Maori-dressed sample, and its 
strength was only reduced 10 per cent. 

" 4. Manilla. This fibre imparted a pale brown colour to the cold 
sea water, and a dark brown to the hot, its strength being unaffected. 

" 6. Sipal hemp gave the same results as Manilla. 

" These experiments prove that the action of sea water on all these 
fibres is in proportion to the amount of extractive matter which they 
ftontain, and that it has no specific action on the pure fibre. 

^^ Action of Alkalies on the Fihre. — Portions of different kinds of 
Phormivm fibre, and also of Manilla hemp, were submitted to the 
action of a strong solution of caustic potash, and kept at the boiling 
point for four hours. 

"The result was in every case the same, as. has been described by 
Captain Ilutton, the fibre being reduced to a soft pulp, like the * half 
stuff' of paper manufacturers, in which the ultimate fibres are 
perfectly non-coherent so long as the mass remains wet, but when 
dried possessing a considerable amount of tenacity. This is rendered 
very obvious by the behaviour of an untwisted thread of the fibre thus 
prepared, which will bear a strain of several pounds when dry, but 
immediately on any portion of it being touched with a drop of water, 
will not bear as many grains. 
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" This expferimenfc was varied in several ways, care being taken to 
remove the last trace of the alkali from the fibre by treatment with 
dilute acid and subsequent washing, which had the effect of making 
the fibre extremely soft, silky, and white, but without in the least 
depriving it of the above singular property. Alcohol, ether, oil, and 
other non-hydrating fluids were substituted for the water, but were 
found not to reduce the cohesion of the ultimate fibres. When 
examined under the microscope in the dry state the prepared fibre is 
found to consist of shrivelled and collapsed ultimate fibres, twisted and 
matted together; but, on the addition of water, they are easily 
observed to become distended and separated from one another, 
acquiring, at the same time, a well-defined smooth outline. The form 
of the ultimate fibre itself is not mucli affected, nor does it appear to 
be in any degree weakened by the action of the potash, as broken cells 
are rarely seen, even when the dry fibre is parted witji some violence ; 
while in the wet state, the ultimate fibres can be separated for 
examination with great facility. 

" The action of the alkali, therefore, appears to be that of altering, 
and probably thinning the cell wall, so as to render it capable of 
absorbing water with rapidity. The fact that the JPhormium fibre can 
be reduced by a single process to the * half stuff' of the paper maker, 
but having the very unusual property of being composed of complete 
fibre cells, having an equal length of about half-an-inch, and at the 
same time possessing a pure colour and glossy lustre, may perhaps 
lead to the introduction of a totally new class of manufacture, by 
which a material will be obtained with even greater facility than 
ordinary paper of fine quality, and at the same time possessing an 
even texture, cohesive strength, and * body.' 

" After the proper form is given to the fibre, by taking advantage 
of its gelatinous condition when wet, there would be no difficulty in 
drying it in contact with such a material as would prevent the 
fibres again absorbing water. 

" Action of Adds, — "When a mineral acid was substituted for the 
alkaline solutions, in experiments similar to the preceding, the fibre 
exhibited a totally different resuH^ becoming feeble, harsh, and imder 
the microscope showing thatthe fibre cells were weakened, as, whether 
broken wet or dry, the ultimate fibres themselves invariably snapped 
across and preseiited broken ends. The effect of the application of 
chlorine, as in the ordinary bleaching process, was the same as that of 
the 'acids, but to a less degree."* 

* Conunissioiiers, 1871* 
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SPECIAL REPORTS MADE TO THE COMMISSIONERS, 

1871. 

Instructions to reporters. 

The special reports which follow, on the microscopical and chemical 
structure of the Fhormivm tenax, were obtained in accordance with a 
resolution of the House of Eepresentatives of 10th September, 1870. 

The investigations were undertaken by Dr. W. E. McNab, and Mr. 
A. H. Church, F.C.S., Professors of Botany and Chemistry respectively, 
in the Royal Agricultural College at Cirencester, and did not 
reach New Zealand until 16th October, 1871, after the publication 
of all the foregoing information, so that the conclusions arrived at 
in the Colony were quite independent of anything stated by these 
gentlemen. 

The points submitted by the Commissioners to the Eeporters for 
investigation were as follows : — 

" 1. Comparative microscopic analysis of the structure of different 
parts of the fresh leaf: — a, butt; 5. blade ; c. tip; d, glossy surface; 
e. bloom sur&ce ; in each case showing the relative proportions and 
arrangement of the various tissues in the various parts. 

"2. Prepared fibres — microscopic comparison of the varieties of 
IBTixyrmivm fibre, Manilla hemp, Irish flax, Russian flax — ^showing 
relative form and dimensions of the ultimate fibre, and the mode in 
which they are in contact laterally. 

" 3. Chemical analysis of the proximate constituents of the different 
parts of the Phormitim leaf, for the purpose of determining the 
chemical reaction of the different gummy and extractive matters, and 
the relative proportion in which these exist in the butt and blade of 
the leaves. A most desirable point to determine chemically is whether 
any change analogous to ripening takes place in the jxiice of the leaf 
which would indicate the best period for cutting it. 

" 4. The tables of the relative strength of fibres given in books 
being defective, it is desirable that a serieB of experiments should be 
undertaken to determine the breaking strain of aU the different kinds 
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of fibre in the market, tested both as Btnught fibre and when twisted 
into strands. 

*' 5. The inyestlgation of the peculiar action of sea water on rope 
made of ^Phormium fibre, and the reason for its not absorbing tar, as 
has been alleged, will naturally form part of the third branch of the 
subject already indicated."* 

In forwarding the statement of the results of their experiments 
the Beporters stated that "neither the time given to it, nor the other 
conditions of the inquiry, had enabled them to treat the subject 
ezhaustiyely. On this account the tables of breaking strain could not 
be undertaken, as this investigation would have necessitated the use of 
elaborate and expensive machinery." 

* ConnDissioDerS; 1871. 
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EPPOET ON THE MICEOSOOPIO STErCTTJEE OF 

PHOEMIUM TENAX. 

BY 

PBOFESSOB W. E. MoNAB, M.D. 

§ 1. G-ENESAL Conclusions. — ^From the results of the micros- 
copical studies which I have made of the jBhormium tenax^ I conclude — 

1. That the best fibres are those which have the smallest cavity, 
and the greatest thickness of wall. 

2. That the fibres at different parts of the leaf are of very different 
values. As the leaf developes from above downwards, the fibres at the 
apex will be much older than those at the base. Microscopical exami- 
nation also shows that the fibres at the base (lower part of the butt) 
and apex (last inch or two of the leaf) ought to be rejected. The 
leaves themselves ought also to be very carefully selected. 

3. That the fibres situated near the under surface of the .leaf are 
often inferior in quality, and that the microscopic structure of the leaf 
shows that these bundles can only be separated from the tissues with 
the greatest difficulty. 

4. That no cement exists binding the cells together ; the so-called 
cement of Captain Hutton (see p. 71) being the primary ceU wall, 
consisting of cellulose, and easily soluble in chlorate of potash and 
nitric acid. 

5. That the gum existing on the epidermis of the upper surface 
is not likely to damage the fibres in any way, and can be easily got rid^ 
of along with the epidermis. 

6. That the differences, chemical and microscopical, between 
Fhormium and Eussian-hemp, and Irish flax, render it improbable tha^ 
the Fhormium can ever be profitably applied to the same uses. 

7. That the resemblances, chemical and microscopical, between 
Fhormium and Manilla hemp, show that Fhormium ought to furnish 
valuable material for the manu&cture of ropes, <fec. For this end I 
would urge that the fibro-vascular bundles be extracted from the leaf 
as nearly entire as possible, and with care, taking advantage of the 
cellular sheath surrounding them ; this ought to bo prr.eticoble, but ilie 
fibres close to the inferior epidermis ought not to be removed. 
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8. That AS the Natives have oyercome all the difficultieB, a process 
as simple as possible ought to l>e employed, and while the bundles are 
not broken up into their ultimate cells, every care ought to be taken 
to preserve the natural oily and fatty matters in the fibre. 

§ 2. Stbuotube 01* THE BuTT 07 THE Fbesh Leav.— ^. Lovoer 
portion. — ^The butt, or lower portion of the lea^ may be more 
accurately described as the sheath. Microscopically it presents two 
very different kinds of structure, the basal portion having the 
tissues arranged in a very different manner from those at the upper 
portion of the butt or sheath of the leaf. 

The basal portion of the butt is generally of a reddish brown 
colour, and contains a peculiar coloured substance in many of the cells. 
Besides this colouring matter, very large crystals of calcium oxalate 
were also observed. On section the basal portion exhibits (with a 
power of about 50 diameters) an upper and a lower epidermis, with a 
quantity of cellular tissue, while scattered up and down in the cellular 
tissue the fibro-vascular bundles are |seen. The upper superior, or 
inner epidermis, is composed of minute cells, the outer or free wall 
not being greatly thickened. Beneath is the cellular tissue of the 
leaf, the cells of which for |a short distance are small and densely 
packed together. More towards the central portion of the leaf, the 
cells show well marked intercellular spaces (air spaces or lacunte) 
which give a peculiar appearance to the section. The cells are more 
or less regularly arranged in bead-like rows, the spaces or lacun» 
between these rows. The intercellular spaces are not equally well 
marked at every part of the section, in many places the tissue being 
dense. Towards the inferior lower, or outer epidermis of the leaf 
the tissue becomes dense, the cells not pl^senting evident intercellular 
spaces. Below the epidermis the cells are small and densely packed 
together, while the epidermis consists of small cells, with the firee 
surface greatiy thickened, and forming a well marked cuticle. 

The fibro-vascular bundles are scattered in the cellular tissue 
between the upper and lower epidermis. These fibro-vascular bundles 
present two very well marked varieties. Those near the inner or 
superior epidermis are complete, ajid made up of numerous tissues, 
while those near the lower or inferior epidermis are composed 
exclusively of the elongated prosenchfmatous toood-cells, which form the 
fibres of the JPhormitwi, The intermediate bundles sometimes show a 
kind of transition from the one form to the other, a small inner 
portion of the bundle being left unchanged into wood-cells. 
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The difTerent fonns of cells making up the fibro-vascular bundle 
from the inner side of the leaf, can be easily made out by examination 
with a higher power (250 diameters). Numerous large openings can 
be observed in the middle of the bundle, which are the spiral and pitted 
vessels cut across. On each side of the large openings very small 
cells are to be seen, the cambiform cells of the bundle ; while the 
thickened prosenchymatous cells are well developed on the outer 
or lower side — ^those on the inner side being only slightly developed. 
The cells are large, and the walls thin and only slightly thickened. 

One of the intermediate bundles shows that the large openings, 
spiral vessels, <&c., are wanting, that the portion of pro-cambium left is 
very small, the outer prosenchymatous cells being well developed, and 
forming about 18-20ths of the whole bundle, while the inner prosen- 
chymatous cells are only slightly developed, being represented by only 
about five or six cells. In the bundles near the outer or inferior 
epidermis all the pro-cambium has been converted into prosenchy- 
matous cells, each bundle being thus quite homogeneous in 
structure ; no trace of spiral or other vessels being observable. The 
most characteristic feature of the bundles from the outer or inferior 
side of the leaf is the large size of the cavity of the cell. The walls 
are thin, and the size of the cavity shows that the fibres will have 
comparatively little strength ; and also, that owing to the thinness of 
the walls of the ultimate cells, it will be very difficult to separate 
them one from the other. The prosenchymatous cells from the 
bundles on the inner or superior side of the leaf are very different in 
appearance. The cavity of the cell is very small, and the thickness of 
the cell-wall great. These cells are, however, few in number when 
compared with the others. The best kind of fibre is therefore very 
deficient in the lower portion of the butt, while the inferior fibres are • 
abundant. 

The parenchymatous cells at the base of the leaf contain more or 
less protoplasm and nuclei j'.but no chlorophyll was observed in the 
cells. 

The epidermis of the upper or inner surface of the leaf has only 
a very slightly developed cuticle, while the epidermis of the lower or 
outer surface is made up of cells of smaU size, much thickened on the 
firee surface, and covered with a very thick cuticular layer. 

In the lower part of the butt of the leaf the cellular tissue largely 
predominates, forming about d-5ths or 4-6ths of the whole. The fibro- 
yascu]^ bundles vary very much in character, some consisting ^tirely 
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of the prosenchTmatoQS coUb, others containing only a few. The large 
size of the caviiy of the prosenchymatous cells shows that they will 
possess but very little strength ; and also, that there will be very great 
difficulty in separating these ultimate cells on account of the thinness 
of the wall. 

The fibres from the lower part of the butt cannot be considered 
to be of good quality, and probably it will be found best ia preparing 
the fibre for manufacturing purposes to reject entirely that contained 
in the lower pant of the butt of the leaf. 

B. Ths Upper parHon of the Butt. — ^Here the arrangement of the 
tissues corresponds for the most part with that at the lower portion of 
the butt. 

The superior or inner epidermis is composed of small ceUs, with 
only a very slightly developed caticular layer. In many specimens no 
cuticle is visible, the cuticularized outer wall of the epidermal cells 
being also thin. Higher up in the leaf the cuticle is thick and well 
developed. It is at this portion of the leaf that the Bhormium gum 
is mostly developed. At first it is a viscid semi-fiuid substance, 
which speedily dries into thin laminsa. This gum is apparently not 
produced by glands or secreting organs in the tissues of the leaf, but 
is a superficial formation, produced by degenerative changes occurring 
in the thick cell-wall and cuticular layer of the epidermis of the upper 
or inner side of the sheathing portion of the leaf. This accounts for 
the absence of a thickened cuticle on that part of the leaf, and also for 
the absence of all glands or openings on the surface of the leaf by 
which the gum can be secreted. Q-um tragacanth is formed in a some- 
what similar manner by degeneration of cell-walls ; and in sea-weeds, 
the so-called 'intercellular substance' is produced in a similar way. 
In the spores of Bilulcma and Ma/rsilia a gummy secretion is formed at 
the expense of the cuticular layer. Very little chlorophyll exists ia 
the cells below the upper epidermis at this part of the leaf. 

The cellular tissue of the leaf resembles greatly that of the lower 
butt, but now the fibro-vascular bundles are seen to be more regularly 
arranged, and the air cavities or intercellular spaces are much more 
marked. 

The fibro-vascular bundles, near the inner or superior surface, are 
complete with prosenchymatous wood-cells, spiral vessels, and cam- 
biform cells, the prosenchymatous cells being well developed on both 
sides of the bundle. Close to the inferior, or outer epidermis, the 
bundles are not constituted in the same way, ia them the prosenchy- 
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matous wood-cells largely predominate, and in a few, spiral vessels 
exist, wliile in others only wood-cells are visible. These bundles are 
very regularly arranged, close to the lower epidermis, and only 
separated from it by two or three small cells. Between these btmdlos 
the cells containing chlorophyll are placed, and give a very characteristic 
appearance to the section. 

The large intercellular spaces form a very marked feature in the 
transverse section of the leaf They arc regularly arranged in a single 
row in the middle of the leaf, and separate more or less accurately 
the bundles of the upper side of the leaf from the bundles of the 
lower. G[?he lower epidermis consists of a layer of small cells, with a 
well marked cuticalar layer. This arrangement holds both for the 
thick portion of the sheath, and the thin lateral parts. 

The quantity of fibre in this part of the leaf is greater than that 
in the lower portion of the butt. Near the lower epidermis the 
bundles are placed very close together, and form about half of the 
tissues, while in the rest of the leaf the bundles are few and scattered, 
and not occupying more than 1-lOth of the tissue. 

At this portion of the leaf small intercellular cavities, containing 
a dark reddish-brown fluid, were observed ; one situated on each side 
of the middle line of the sheath, on the superior surface. Similarly 
coloured marks were also observed on the leaf, but as their development 
could not be traced by means of the specimens examined, no opinion 
can be given respecting them. The irregidar arrangement of the cells 
surrounding them, and their varying depth firom the sur&ce is to be 
noticed. In some places the gum on the surface was deeply coloured 
of the same tint as the colouring matter contained in these cavities. 
Careful examination of the development of the leaf would be the only 
way to make out the true nature of these structures, and to do that 
would not come within the sphere of a preliminary report like the 
present. 

§ 3. Steuctubb op the Blapb aitd Tip op the Fbesh Leap. — 
-4. Lower Portion, — ^As the lower portion of the leaf, or butt, could be 
more correctly described as the sheath, so the whole upper portion 
may be described as the blade or lamina. As we described the lower 
and upper portion of the butt, or sheath, so we may describe the 
upper and lower portion of the lamina, the tip or apex, and the blade. 

Above the butt, or sheath, the blade appears as a well marked 
flattened expansion, with a strongly marked keel on the lower side, 
this keel extending down the butt. No gum is now formed by the 
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upper epidermis, which is glossy and dark green. The margin of the 
keel and the edge of the leaf is reddish-brown in colour, and differs 
from the other parts of the leaf in appearance. 

The arrangement of the different tissues in the leaf differs 
considerably from that in the sheathing portion. "We do not find the 
fibro-yascular bundles arranged in the same way. The complete 
bundles, near the inner or superior sur&ce, have disappeared, and we 
have these bundles placed so as to be in relation to both sides of the 
leaf, and stretching right across the mesophyll. The small bundles 
are arranged so as to be close to the inferior epidermis, while a few 
incomplete bundles are placed close to the upper epidermis. The 
intercellular spaces, or lacun», are largely developed, and divide the 
large complete bundles one from the other. Cells containing chloro- 
phyll are found on both sides of the leaf, more or less surrounding the 
intercellular spaces, and placed between the fibro-vascular bimdles. 
These transparent spaces also change in character. Instead of being 
evident lacunsD they are now composed of numerous cells of large 
size, with very thin walls, and probably able to carry air in the same 
manner as the intercellular canals. Another well marked difference 
in the structure of the leaf is observable, namely, that all the fibro- 
vascular bundles are partly surrounded by a cellular sheath ; a single 
row of cells, which sharply defines them from the surrounding tissues. 
This sheath is only very slightly developed in the upper part of the 
butt, and is altogether wanting in the lower part of the butt. The 
sheath is, however, not complete, as it is wanting on the side of the 
bundle next the lower epidermis. Here, as in the other parts of the 
leaf, the fibro-vascular bundles approach very near the epidermis, and 
are not separated by many cells. It may also be considered as wanting 
on the other side ef the bundles, but the numerous large cells below 
the epidermis, on the superior side of the leaf, may be looked upon 
as completing it. 

The keel and coloured edge of the leaf is covered by a very thick 
cuticular layer, this being coloured gives the peculiar appearance 
to it. 

The bimdles near the edge become small, and are complete, each 
bundle being separated from the other by lacuna. Near the centre 
(middle line of the leaf) small bimdles are developed between the 
large oifes, but at all parts the same relative position in regard to tke 
upper and lower epidermis is preserved. 

B, Upper portion of Blade or Tip of the Leaf — ^In the upper part 
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of the leaf the same relations of parts is preserved as in the lower 
portion of the blade. The bundles, however, diminish very consider- 
ably in size, and the quantity of spiral vessels and cambiform ceUa 
increases, while the prosenchymatous cells diminish. The bundles, 
when seen in transverse section, run across the mesophyll, and are 
placed between the intercellular spaces, several cells separating the 
bundle from the upper epidermis, while the lower epidermis is in cloae 
contact with the bundle. They are also provided with the cellular 
sheath, like the bundles lower down. The thick coloured cuticle on 
the keel and margins of the leaf is, in all respects, the same as that 
described on the blade. The fibre -vascular bundles are best developed 
on the upper or inner side, few prosenchymatous cells existing on the 
under side. Tf the leaf was therefore split at this part, the best fibre 
would be found on the upper part, and only a small quantity on the 
Tinder side. Lower down in the leaf this arrangement does not hold, 
there being as much fibre on one side as on the other; whilo in 
some cases more fibres actually exist on the under than on the upper 
side. The epidermis cuticle cells, containing chlorophyll, &c., resemble 
those of the other parts of the leaf, and already described. 

Large fibro-vascular bundles exist close to the keel and edge of 
the leaf. These contain much prosenchyma, but are not surrounded 
by a sheath of cells like the other bundles in the leaf. 

§ 4. G-LOssY OB SxjPEEio.B Sfepace. — ^Tho glossy or superior surface 
is covered with a well developed epidermis. The ceUs are narrow, and 
not greatly elongated. A very thick cuticle exists on the free, or 
outer surface. This cuticle is best developed on the blade, while on 
the sheath it is very thin when the gum has been formed. The 
thickened cuticle seems to furnish the material out of which the 
gum is formed. No stomata exist in the epidermis of the upper side of 
the leaf. 

" § 5. Bloom ob Infebioe Subface. — The epidermal cells on the 
bloom or inferior surface of the leaf arc small, but more elongated 
tlian those on the upper surface ; the elongation beiug in the direction 
of the long axis of the leaf. A well marked alternation of structure of 
the lower epidermis is seen, an alternation of a band with stomata, and a 
band without stomata. The band without stomata is found over the 
prosenchymatous bundles ; while the band with stomata exists only 
over the cells containing chlorophyll. This gives the peculiar banded 
appearance to the lower surface. The stomata are well developed, and 
are quadrangular, resembling very much the stomata of the Ag^ve. 

IT 
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They are very eloBoly packed on the portion of the epidermis on which 
they exist, while none are to be met with on the epidermis covering 
the prosenchymatous fibres. 

§ 6. MiCBOscoFiCAL Chabacteb of Fbefabed Fibbes of Fhob- 
MiUM Tenax. — ^The fibres of Fhormium tenax, which are used for 
manufacturing purposes, consist of the prosenchpnatotcs wood-celUy 
which form part of the fibro-vascular bundles existing in the 
plant. In this way the IPhormivm is perfectly distinct in its 
anatomical and physiological character from Irish fiax and Eussian. 
hemp. In the plant the prosenchymatous wood-cells exist in bundles, 
composed entirely of these ceUs, but much more frequently mixed up 
with a number of other cells or vessels. The bundles are thus of a 
very different value, some containing much valuable fibre, while others 
contain comparatively littie. When examined with the microscope, 
the ultimate prosenchymatous wood-cells appear as elongated, more or 
less cylindrical fibres, tapering towards each end, the tapering ends of 
the cells over-lapping. The length of these ceUs is very diflGlcult to 
determine, and all attempts to isolate a single perfect cell Tiave as yet 
failed. They must, however, be of considerable length, as several 
<5ells have been traced for 2^ inches. The ceU, when isolated an 
viewed from the side, appears a« a transparent cylinder, with a cavity. 
The relative sizes of the eel] and of the cavity vary very much, and 
measurements of many fibres are given in this Eeport. The measure- 
ments were obtained by using the Camera luciday and are expressed in 
fractions of an English inch. The microscope was fixed so that when, 
a power of 500 diameters was used, 1-1000 of an inch in a stage 
micrometer was magnified to half an inch. Each fibre was careMly 
drawn, and by means of an ivory rule and compasses the size of both 
the fibre and cavity could be ascertained vnth the greatest accuracy. 
In transverse section the cells appear more or less polygonal, and 
possess well marked pores or pits on the wall. These pits are very 
small, and not very numerous, — the pit on one ceU always corresponding 
with another on the next cell. The wood-cells making up the fibres of 
Fhormiwin are thus porous or pitted cells. The pits are best seen in 
thin transverse sections of the fibro-vascular bundle, and require a 
power of 500 diameters for their demonstration. 

In structure and general appearance the fibres of Phorviitwi resemble 
those of Manilla hemp, while they entirely differ from those of Irish 
flax and Eussian hemp. Both Russian hemp and Irish flax consist of 
Bast'JlhreSy the fibre both of Manilla hemp and Fhormium being the 
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prosenchymatous wood-cells of the fibro-vascular bundles. While these 
fibres thus differ anatomically and physiologically, they also differ 
chemically. 

If we take six test-tubes, and place in each a portion of one of 
the fibres, say, carded cotton in No. 1, Irish fiax in No. 2, Eussian 
hemp in No. 3, Manilla hemp in No. 4, Phormium in No. 5, and a 
portion of pine wood in No. 6, then pour a little fuming nitric acid 
on each, on washing the fibres carefully with water and dilute ammonia 
we obtain very characteristic results. 

No change is produced in the appearance of the carded cotton, 
the colour and general appearance remaining the same, but by micro- 
scopical examination it is found, that the fibres have lost their peculiar 
twist to a considerable extent, and become more cylindrical. 

Irish flax — The Bast-Jihres remained unaltered in colour and general 
appearance, but under the microscope it was seen that the fibre was 
very distinctly marked with longitudinal striae, and the cavity in each 
fibre was well marked. Here and there portions of wood adhered to 
the fibres, and these became deep brown in colour. 

Russian hemp remained also unchanged in appearance, the fibres 
showing well marked longitudinal striae under the microscope. Por- 
tions of wood adhering to the fibres became coloured deep brown. 

Manilla hemp became at once deeply coloured by the nitric acid, 
and this colour remained after washing with water and ammonia. 
When allowed to remain in water for some time, it coloured the water 
yellowish brown. The bundles of fibres were stained, but were little 
altered in appearance — single fibres, however, becoming more or less 
twisted. 

I^hormium, when treated with nitric acid like the others, became 
deep brown, like the Manilla hemp, and when allowed to remain in 
water tinged it yellowish brown. The sample used had most of the 
ultimate fibres separate, and the action of the nitric acid was well 
marked, the fibres becoming twisted and -contorted in a very peculiar 
way. 

The pine wood treated with nitric acid gave results similar to those 
obtained by treating Manilla hemp and FTiormvum, the wood becoming 
deep brown, and tinging the water in which it was placed of a yellowish 
brown hue. The wood-cells were also twisted very slightly. 

We must therefore conclude that JBhormium is much more closely 
related to Manilla hemp than to Irish flax or Bussian hetop ; and in 
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thin way we need not deyote much time to comparing the fibres, either 
as regards their structure or relations. 

A, Native Samples. — ^No. 1* of samples of prepared Phormium maj 
be taken as a good sample. In it the fibres, or wood-cells, are united in 
bundles, but Are separable without much difficulty. "When examined 
with the microscope it is found that the cells have a very considerable 
diameter, varying from '0006 to '0008, and that the cavity is small, 
having only a mean diameter of '00015. In this sample a single 
bundle was observed in which the cells were from '0007 to '0009 in 
diameter, tbe cavity having a mean breadth of OOOi*. The ultimate 
cells were very difficult to separate one from the other, and the bundle 
appeared dull and wanting in lustre to the naked eye. 

The characteristic then of a good native sample of prepared 
Fhormium is the small size of the cavity compared with the diameter of 
the fibre. All the strength of the fibre will depend on this, and also 
it is evident that the thick-walled cells can be much more easily 
detached one from the other than fibres with thin walls. 

No 3t of the samples examined consists of the fibre from the 
underside of the leaf, which is rejected by the Natives. The fibres 
vary much in character. Some of the bundles contain very few 
prosenchymatous wood-cells, and consist chiefly of spiral and porous 
vessels. Then again, the epidermis adheres closely to the fibro- 
vasctdar bundles, and cannot be easily separated, while the ceDs con- 
taining chlorophyll are abundant. In this sample we not only have 
the bundles dirty from adherent tissue and matter inside the cavity 
of the fibre, but the bundles are both deficient in prosenchymatous 
cells, and these, when present, are of inferior quality. They are 
much more irregular in size, varying from "00035 to '0008, while the 
cavity varies in diameter from "0001 to '00085. The size of the cavity 
shows that the fibre is much weaker, and also that the ultimate cells 
will be much more difficult to separate one from the other, the thin 
wall not having strength to withstand the force necessary to separate 
the bundle into its ultimate cells. If we take the mean measurements 
of a number of cells of samples Nos. 1 and 2X we find that the mean 
diameter of seventeen fibres is '000655, while the mean diameter of 



• Sarakeke,— Common STramp flax from Otaki ; stripped and scraped with 
a shell, then washed for a few minutes in running water. Selected leaves of twelve 
or eighteen months old. 

t From the same plants as Nos. 1 and 2, but stripped from the bloom (or outer) 
side of the leaf. The tissue obstinately adheres to and discolours these fibres 

{ Same as No. 1, but not washed. 
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the cavity is 'OOOIS^. Taking tte diameter of the cavity as 1, the 
mean diameter of the cavity would be to the diameter of the fibre as 
1 to 4*26. If we take No. 3 sample, the mean diameter of eighteen 
fibres is •000582, 'while the mean diameter of the cavity is '000191, 
the mean diameter of the cavity being to the diameter of the fibre as 1 
to 3 04 ; the fibres being on the average smaller, while the cavity is 
larger. Eighty-eight fibres from the Native samples were measured 
and gave a mean diameter of '000603, and mean diameter of the cavity 
•000187, or in the proportion of 1 to 322. 

B, Machine-dressed Samples, — In the machine-dressed Famples the 
bundles of fibres had to be more or less broken up, and in this way 
the samples were irregular, sometimes many of the ultimate fibres 
being separated, at other times the fibres being closely united in bundles. 
The characteristic of the machine-dressed sample is the great variation 
in diameter of the fibres, varying as the]! do from '00035 to '001, while 
the diameter of the cavity varies from '000075 to 000625. In these 
samples it was very evident that much of the fibre was of inferior 
quality, that the cavity was so large, and the wall so thin, that the 
ultimate cells could not be separated, and all attempts to separate them 
would result in the production of a large amount of waste. Taking 
the mean of seventy -six fibres from the machine-dressed samples, we 
get '000534 as the mean diameter of the fibre, and •OOOISI as the mean 
diameter of the cavity, the cavity thus being to the fibre as 1 to 3 '53. 

Taking the mean of all the fibres measured (164 in number) we 
get '000569 as the mean diameter of the fibre, and '000169 as the 
mean diameter of the cavity, or as 1 to 3'36. 

§ 7. MiCBOScopiCAL Chasactee of Pbepaeed Fibees op Manilla. 
Hemp. — Manilla hemp occurs in coarse threads of varying size, which 
are the fibro-vascular bundles of the plant, removed apparently without 
any attempt being made to break up the bundles into their ultimate 
cells or fibres. In appearance the ultimate cells or fibres of Manilla 
hemp closely resemble those of Phormium tenax. They are cylindrical, 
with a large cavity in the centre. The fibre has, in general, a greater 
diameter than that of Phormium, but the cavity is always much larger. 
The following measurements show this : — 

Diameter of Fibre. Diameter of Cavity. 
A ... ... -00065 -000^5 

B ... ... '0007 -00035 

C ... ... •OOOS • ^ 00045 

D. ... ... -00125 -0009 
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They are very variable in size and breadth of cavity, resembling 
very much a bad sample of Fhormium fibre. The bundles can only 
with difficulty be separated into their ultimate fibres or cells, and when 
doing so for microscopical examination the fibre was nearly always 
injured, the cavity being easily destroyed. 

The Manilla hemp consists of prosench^matous toood'Cells, and is, 
anatomically and physiologically, the same as the fibres of Fhormium. 

A good deal of cellular tfssue adheres to the bundles of fibres, but 
it is colourless, and there is no trace of epidermis or cells containing 
chlorophyll, as in the case of Pkormitim fibres. 

§ 8. MiCBOscopicAL Chauactbb of Pbepabed Eibbes of Ibish 
Elax. — ^The ultimate bast-fibres of which this flax is composed are 
not united in large bundles, a few fibres only adhering, and in the 
specimens examined many of the fibres were quite free one firom the 
other. The fibres appear as a greatly elongated cylinder, with a cavity 
sometimes well marked, sometimes scarcely visible, at other times 
wanting. Adhering to the fibres, and often more or less discolouring 
them, were fragments of tissue, sometimes the epidermis with stomata, 
from the stem ; at other times the cells of the soft bast- or wood-cells 
from the central portion of the stem. The diameter of the fibre varies 
from about '0004 to '0006. 

§ 9. MicBOscopiCAL Chabacteb of Fbepabed Pibbes of Etjssiak 
Hemp. — Eussian hemp differs entirely in appearance from Manilla 
hemp and Fhormium, but resembles Irish flax very much in its general 
character . The fibres are more or less separate, some entirely free 
others in small bundles. The fibres vary very much in diameter, some 
being very broad, others narrow, and they appear like longitudinajly 
striated cylinders. Sometimes a cavity exists, at other times none can 
be traced. The fibres are, on an average, from '0005 to '0007 in 
diameter, and in one fibre in which the diameter was '0007 the diameter 
of the cavity was '0001. 

Some cellular tissue was observed adhering to the fibres, but they 
were cleaner than the fibres of Irish flax. Like Irish flax the hemp 
consists of bast-flbres, and is, anatomically and physiologically, different 
from the fibres both of Manilla hemp and Fhormium, 

§ 10. Natfbe op the so-called Cement. — ^The walls of all tissue- 
cells are constructed on the same type. "We have first the primary 
cell- wall, a thin plate or lamella, composed of cellulose. In thickened 
t;ells the thickening material appears as a deposit on each side of the 
middle lamella, and in general this secondary wall has a different 
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composition from that of the primary cell-wall or middle lamella. In 
the Phormium the primary cell-wall consists of cellulose, which is 
coloured blue by a solution of iodo-chloride of zinc (Busk's solution), 
while the secondary wall, making up the great mass of the cell, consists 
of ligneous matter, and is coloured yellow with Busk's solution. If, 
therefore, a thin section of the bundle of Phormitmi fibres be treated 
with Busk's solution, the so-called cement is shown to consist of 
cellulose, and is coloured blue, while the great mass of the fibre is 
stained yellow. The cellulose, which forms the primary cell- wall, is 
that which is soluble in chlorate of potash and nitric acid (Schultz's 
process). All the different fibres, Manilla hemp, Eussian hemp, and 
Irish fiax, are united in the same way. As this primary cell- wall has 
small triangular spaces at the places where neighbouring cells meet, 
and always shows a tendency to split (as in the ripening of fruits in 
which the cells separate one from the other by splitting of primary 
cell- wall), little difficulty will exist in separating the fibres one from 
the other if the waUs are strong and thick enough to bear it. The 
thick-walled fibres used by the Natives, and in which the fibres are 
separable, demonstrate this fact clearly. As the cells of the JPhormium 
differ in no way from all other tissue-cells in the w^y in which they 
are united, it is hardly necessary to say more on this point. 
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KEPOKT ON THE CHEMISTEY OF PHOEMIUM TENAX. 

BY 

PBOFESSOR A. H. CnURCH, M. A., F.C S. 

§ 1. General Conclusions. — From tbo results of the chemical 
studies which I have made of the Phormium tenax, I conclude — 

1. That the best and strongest prepared Phormium fibres are those 
which, while fulfilling the requisite physical conditions and the micro- 
scopic conditions determined by Dr. McNab, contain the smallest 
quantity of mineral matter and the largest quantity of hygroscopic 
water. 

2. That the age or stage of development of the fibre lias much to 
do with its chemical deportment, and with its strength ; and that a 
considerable portion of the fibre in the leaf must be condemned, both 
on microscopical and chemical grounds, as of very small value. 

3. That Phorminm fibres are more easily and more considerably 
afi*ected by chemical reagents and by water at the boiling point, and 
at higher temperatures, than most other fibres used for fabrics, ropes, 
Ac. 

4. That Phormitim fibres are very readily wetted by wator and by 
sea-water, and that this wetting takes place to a small extent even 
after the fibres have absorbed a considerable amount of wood tar. 
The microscopic structure of the fibre serves to explain this obser- 
vation. 

5. That the fact stated in (4) above, taken in connection with the 
observation that Phormium fibres contain much matter soluble in water 
or liable to change, helps to account for the- decay of ropes made with 
this material. 

6. That the use of a mixture of lubricating, or machinery paraffine 
oil with wood tar seems to prevent the entrance of sea- water and the 
proneness to change in Phormium fibre. It is also suggested that as 
the conversion of Phormium fibres into papyrine^ by a brief immersion 
in sulphuric acid, of the strength used in the manufacture of vegetable 
parchment seems to toughen, strengthen, and waterproof them, this 
process might bo made use of to improve inferior samples of fibre. 
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7. That the ultimate fibres are not held together by any cement, 
but by their cell-walls. These, however, being easily affected by 
various agencies, are, together with other changeable constituents of 
the material, a cause of disintegration and weakness. 

8. That the treatment of the plant of Fhormium, or of its fibre 
with alkaline matters, especially at a high temperature, may by remov- 
ing the oil, tend to cause the harshness shown by some fibres, and 
otherwise injure them. 

9. That the use of the softest water, of a well regulated tempera- 
ture, and of effective yet uniformly exerted mechanical power, seems 
to be of importance in the preparation of I^hormittm fibre. 

The relative value of different processes of treatment and bleaching 
did not come within the scope of the present preliminary inquiry, but 
could be ascertained with much greater ease than before, through the 
data given in the present report. 

§ 2. Analyses op Fibre op Phokmium tenax. — Summary of four 
series of experiments to determine the amount of moisture or hygro- 
Ifeopic water, and of ash or mineral matter, in certain samples of 
prepared Fhormiwn and other vegetable fibres for comparison. 

J^hormium tenax. Per centage in various fibres of 

Native dressed — Water. Ash. 

No. If Harakeke, selected 12 to 18 months 

old, stripped, scraped, and washed ... 12*76 '50 

No. 2. The same, but not washed ... 11*87 '93 

No. 8. Prom same plants as 1 and 2, but 

from the opposite side of leaf ... 11*15 1*60 

No. 5. Common swamp flax from Otaki, 

stripped, but not washed or scraped... 
No. 6. Same as No. 5, but hand hackled... 
No. 7. From the Waikato 

Machine dressed — 

No. 8. Mr. Stonyer, Kaiapoi ... 

No. 9. Captain F. W. Hutton, Waikato ... 

No. 10. T. S. Macffarlane, Auckland 

No. 11. G-. Booth, Waikoura Mills 

No. 12. Eikys' process 

No. 13. MTarlane & Wilson, Whakatane 

No. 14. John Joumeaux, Wellington ... 



10-77 


1-61 


11-05 


1-23 


11-52 


•73 


12-49 


*44 


11-31 


•69 


11-81 


•63 


11-81 


1-09 


11-91 


•71 


11-61 


-63 


10-77 


1-08 
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Per centage in various fibres of 


Other fibres — 




Water. 


Aslu 


Manilla Hemp 


• . • • • 


13-22 


202 


EuBsian Hemp 


. • • • . 


10-47 


1-44 


Irish Flax ... 


• • • . ■ 


10-76 


1-23 


Carded Cotton 


• •• •< 


7-23 


•11 


Swedish Filtering Paper 


8-85 


•46 



§ 3. Cellulose ts Phoemittm Fibbe. — The term "cellulose" is 
used in chemical and botanical literature without much precision. The 
whole question of the real nature of the substances named " cellulose," 
" bast," and " fibre," requires a thorough investigation. In the foUow- 
ifig experiments I have aimed at comparative rather than absolute 
results ; but, at the same time, I have not rested content with indica- 
tions furnished by the usual method of determining the per centage of 
fibre in vegetable products. A control of the results has been attempted 
by means of the employment of three different processes. As these 
methods will be frequently alluded to subsequently it may be as well 
to describe them briefly here. 

I. The Nitric Acid and Potassium Chlorate process, or F. Schultze's^ 
process, — ^Two grams* of the dry substance are placed in a glass 
stoppered bottle with 1*6 gram potassium chlorate, and 24 grains nitric 
acid of spec. grav. 1*10. The mixture is left for fourteen days at a 
temperature not exceeding 18° Centigrade. At the expiration of this 
time, the contents of thp bottle are mixed with some wat^, brought 
upon a filter and washed, firstly with cold and secondly with hot water. 
When this washing is complete, the fibre is emptied into a heater and 
heated to 74° C for about 45 minutes with weak ammonia solution (1 
volume commercial ammonia to 50 volumes of water) . The fibre is then 
brought upon a weighed filter ; and washed, firstly with dilute ammonia, 
as long as this passes off coloured, then with cold and hot water, then 
with alcohol, and lastly with ether. Carded cotton gave by this method 
91*15 per cent, of residue. Carded cotton may be regarded as one of 
our purest forms of normal cellulose, as may be seen by the following 
analysis : — 

Hygroscopic water ... ... ... 7.56 



Cellulose 

\_/U ... ... . 

.£jlSi1 ... ... . 

Albuminoids and undetermined 



9115 
•51 
•11 
•67 

10000 



* The gramme of 15*432 grains is here meant, and also throughout the Beport. 
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II. The Acid and Alkali method, — ^Three grams of the powdered or 
finely cut sample are placed in a large beaker, 1 60 cubic centrimeters 
of water added, and the mixture brought to the boiling point, with 
constant stirring to avoid burning, 50 centrimeters of five per cent. 
H^ SO* are then added, and the boiling continued for half an hour ; 
the normal total volume of 200 cubic centrimeters being maintained 
throughout the operation by the addition of a little boiling water. 
Collect on a filter the residue from the digestion with acid, after having 
syphoned off the clear supernatant liquid. The residue is to b© 
thoroughly washed on the filter with hot water, and then syringed off 
the paper into the beaker with about 100 cubic centrimeters of hot 
water. Fifty cubic centrimeters of a five per cent, solution of Na HO 
are next added and the beaker 'filled up with hot water to the mark 
indicating 200 cubic centrimeters. The mixture is boiled for half an 
hour, some cold water added, and the. whole allowed to rest. When the 
supernatant liquid is clear it is syphoned off, and the residue collected 
on a weighed filter, washed with the dilute ammonia water used in 
method I. as above ; and in the remaining steps of the process treated 
exactly as described in detailing that method. 

III. The Sulphuric Acid method. — One gram of the substance is 
placed in a small stoppered bottle with 30 cubic centrimeters of 
sulphuric acid of specific gravity 1"63, and allowed to rest 36 hours. 
The mixture is then washed into a beaker, diluted with water, filtered, 
and the residue on the filter washed with warm water. The rest of 
the process is conducted as in methods I. and II. This method 
removes from mixed fibres all the normal cellulose they contain, 
dissolving, for instance, cotton completely, and lin^n nearly so, but 
removing smaller quantities of substance from wood tissue. 

Cellulose. — Determinations of the per centage of Cellulose in 
various specimens of prepared Phormium tenax fibre, and in other 
fibres, for comparison. 



By Method I. 


By 


Method 11. 


By Method HI. 


per cent. 




per cent. 


per cent. 


Fhormium fibre No. 1. 73*1 




1 • . 


... 


„ „ No. 6. 67-5 




• • . 


... 


„ „ No. 9. 69.0 




... 


... 


„ No. 11. 72-0 




49-76 


71 


Manilla Hemp 6880 




• . « 


... 


Irish Flax 7410 




... 


« * • 


fiuBsian Hemp 72*10 




... 


... 



108 Special B&port by Pbofessob Ckubch 

At a slightly higher temperature Method No. I. gave rather smaller 
per centage of residual cellulose. In these cases, which are given 
below, the residues were treated successively by Methods II. and III., 
and thus the cellulose, and incrusting or deposited, matters, were 

separated into three kinds : — 

Method I. Method 11. Method III. 
Per ceniff Per cent. Per cent. 
Fhormium fibre No. 1. 64.25 62.22 -48 

„ „ No.l3. 6300 46-45 70 

It will here be seen that the cellulose and fibre were 'divisible into 
three parts, by a succesive treatment by Schultze's process, (I) ; by 
the acid and alkali process, (II) ; and by the sulphuric acid process, 
(III). The results may be thus rendered : — 

Per cent. 
P^ofwwttw fibre, No. 1. — 

Crude Cellulose=64-25 



Made up of 12*03 insoluble by I., soluble by II. 
61*74 insoluble by II., soluble by III. 
•48 insoluble by I., II. and III. 
Fhormium fibre. No. 13. — 

Crude Cellulose=63-00 



Made up of 16*66 insoluble by I., soluble by II. 

46'75 insoluble by II., soluble by III. 

•70 insoluble by I., II., and III. 

§ 4. Action of Wateb at vabious temfebattjbes upon the 

FiBEE OF Phobmium tenax, &c. — I. Clean flax fibre (linen)7 in the 

form of Swedish filtering paper, was first tried. Boiled with distilled 

water for twelve hours it gave up to the water about one per cent, of 

organic matter, and about three quarters per cent, of mineral matters 

chiefly silica. The numbers werQ as follows : — 

Grams. 

Swedish filter, employed weight ... ... •65 

Weight of dry substance extracted ••« '0095 

Of which the Ash amounted to ... ... ^0040 

And the organic matter dissolved ... '0055 

The water did not become acid in this experiment. 

n. A similar filter to that used in experiment I, was digested with 

water in a sealed tube at a temperature fifty degrees above boiling 

water, namely, at 160® Centigrade. The digestion was continued 
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four hours. The water became of a straw yellow colotur, bufciemame^ 

neutral to test paper. 

Gram. 

Swedish filter employed ... ... '55 

Weight of red-brown extract dissolved by 

watei^ ... ... ... -. *016 

Weight of ash in this residue ... ... *0055 

And the organic matter dissolved ... 'OlOo 

III. When '5 gram of Fhormitim fibre (No. 1) was boiled twelve 
hours with distilled water, the liquid remained neutral to test paper ; 
on evaporating to a small bulk the residual solution did show a fiiint 
acid reaction. The dry matter in this solution corresponded to 3*6 per 
cent, of the fibre taken. • 

IV. When '6 gram of Fhormivm fibre (No. 2) was digested with 
distilled water, in a sealed tube, at 150 ® C. for four hours, the water 
became turbid and of a distinct acid reaction, with smell of burnt 
sugar. On washing the fibre with water a pink colouring matter was 
developed. The amount of substance removed from the fibre at 
150® C. by water amounted to 19 per cent, of the original weight 
taken. It was a brown soluble substance, which gave a ready pre- 
cipitate of red copper sub-oxide when boiled with Pehling's test for 
sugar. This result may have been due, however, to the presence, not 
of any kind of sugar, but of •* pyrocatechin," or some allied product. 
The solution was sweet, with a bittef aftertaste. 

V. Manilla hemp, similarly treated, gave similar products, amount- 
ing to 15*4 per cent. 

VI. Irish flax, similarly treated, gave similar products, amounting 
to 10*4 per cent. 

VU. St. Petersburg hemp, similarly treated, gave similar products, 
amounting to 10*0 per cent. 

From the foregoing results it will be seen that prepared and 
cleansed Fhormiv/m fibre is acted upon by boiling water to more than 
three times the extent to which flax from lAnum imtatissimtim is 
affected by the same treatment. And at the higher temperature, from 
one-fifth to one-fourth of the whole Fhormitim fibre is dissolved by 
water, while the true flax fibre does not lose more than two per cent, 
of its weight under the same circumstances. 

These facts point to an inherent difference in the quality of the 
organic substances, making up the material of the Linum and Fhor* 
mium fibres. 
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Manilla hemp was similarly affected, as in the case of ^hormium 
fibre, 15*4 per cent, of organic matter being removed from it by water, 
at 150 ® C. 

Under the same circumstances, Irish flax lost 10*4 per cent, of 
organic matter, and Sussian hemp 10 per cent. 

§ 5. NiTBOOEKOUs Mattebs, OB '' Ai.BTJMi]<roiD8*' ht the Pbepabeb 
FiBBE OF Fhobmitjm Tekax. — ^It was found by a careful analysis of 
No. 11 specimen of Fharmium that it contains '267 per cent of nitrogen. 
This corresponds to a per centage of albuminoids, amounting to 1*69 
per cent. 

In the perfectly dry flax (No. 11), the amount of nitrogen is '301 
per x;ent., and the amount of albuminoids is 1'9I per cent. 

This proportion is greater tham that found in many other prepared 
fibres. Careful analyses of cotton (earded) and linen (Sweedish filter 
paper) gave the following results, which are here put down by the 
side of those just recorded : — 





Fhormiitm. 


Cotton. 


Linen. 




Per centage of Nitrogen ... 
Per centage of Albuminoids 


•267 
1-69 


•079 
•50 


•087 
•55 



§ 6. Oil ob Fat is the Pbgpabed Fibbe of Phobmixtm Tenax. 
— The presence of an oily matter of some sort in the cleansed and 
prepared fibres employed in the manufacture of textile fabrics is not 
generally recognised. This oily matter, as it occurs in the dressed 
fibre of JPharmium tenax and in Manilla hemp, is, in great part, volatile 
at the temperature of boiling water. 

With the sample of Fhormium fibre. No. 10, the following results 
were obtained: — 

Per centage of oil, dried at 100 <=> C. (212 ® Fahr.) ... -25 

» ,y » „ „ " in vacuo" 1-08 

In Manilla hemp — 

Per centage of oil, dried at 100 ® C. ... ... '11 

n n n n » "iuvaCUO" '4^^ 

In carded cotton — 
Per centage of oil fixed at 100 ® C. ... ... '61 

Vegetable fibres of all kinds, from which the natural oil has been 
removed by heat, alkalies, or solvents, are harsh and dry to the touch, 
and easily and rapidly wetted by water. 
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§ 7. Absoeption of Sea. Watee bt Phobmiitm Fibre. — In the 
experiments made on this subject it seemed that the I^hormium fibres 
were more quickly and thoroughly wetted by sea water than were 
those of Manilla. More action on the fibres also occurred in the case 
of the Phormivm. The extent of the absorption was measured by 
immersing the soaked fibres in a solution of nitrate of silver, and then 
exposiQg them to- sunlight. 

Tt may be mentioned, in this connection, that JBhormium fibres 
which had been carefully dressed with Stockholm tar, were stiU capable 
of taking up a small quantity of sea water. 

§ 8. Absobption of Wood-tab by Phobmittm: Pibue. — ^No diffi- 
culty whatever was found in causing prepared fibres of J^hormitwi to 
take up as much tar as those of Manilla. When a small quantity of 
paraffine, machinery, or lubricating oil was mixed with tlie tar, several 
advantages seemed to accrue. This oil, which is the last product of 
the distillation of petroleum, &c., imparts flexibility to the fibre, gives 
it greater tenacity, and, by its remarkable diffusive power, serves to 
keep out sea- water and other aqueous liquids. Being itself imalterable 
and unoxidizable, this oil has no tendency to promote chemical changes 
in the fibre which has been dressed with it. As, however, it does not 
dry, it cannot be used alone. 

§ 9. The foregoing analyses enable me to present a tolerably 

complete idea of the constituents which go to make up 100 parts of 

one of the samples (No. 13) of dressed Fhormium fibre. 

Analysis — 
Water 
Ash 
Cellulose, A. 



••• 



Cellulose, B. 
Cellulose, C. 
Oil, partly volatile 
Albuminoids 
Q-um and matters, solub e in water at 
150 o C. 



11-61 

•63 

16-55 

45-75 

•70 

108 

1-69 

21-99 



10000 
The oil and albuminoids in the above analysis are transferred from 
the analysis of similar fibres, Nos. 10 and 11 respectively. 

§ 10. — ^Analysis of the Peesh Plant of Phoeioitm Tenax. — 
The plant operated upon was received from the Boyal Q-ardens at 
Kew, in May. One half of two leaves (65 and 68 inches in length 
respectively) was operated upon, being carefully cut up, mixed and 
sampled for the experiments now to be related. 



112 Special Beport by Pbofessob Chubch. 

The plant analysed contained : — 71*95 per cent, of water. 

28-05 „ di7 matter. 

10000 
This dry matter contained in 100 parts — 

Fixed oil and fat (soluble in ether) ... 2 55 

Resin and chlorophyll (soluble in alcohol) 3*24 

Gum and matters (soluble in cold water) 17'29 

Starch and matters (soluble in hot water) 4 28 

Albuminoids ... ... ... ... 5*05 

Ash, or mineral matters ... ... ... 5'5G 

Cellulose and fibre, by process I. (See § 3) 44'47 

Other substances not specially determined 17*56 

10000 
These results are not given as by any means complete, though it is 
hoped that they will serve to indicate the proper direction for further 
inquiry into the best treatment for the preparation of the fibre from 
the plant. To this point another series of experiments tended ; in these 
the nature of the 44 47 per cent, of cellulose, above giveu, was tested. 
It was found that it lost 8*71 parts by treatment with acid and alkali 
in process II., leaving 35*76 per cent. This residue treated by process 
III, left a final residue amounting to 11.37 per cent, of the dry plant. 
Comparing this result vnth that obtained in the similar treatment of 
the prepared fibre (see § 9) it is clear that much hard and corky 
substance in the original plant is rejected in the processes of manufac- 
ture. 

The analysis of i^Qjresh plant will be represented by the following 

numbers : 

Per cent. 

YY a t/Cr ... •«.. ... ... ... t JL t7tj 

Pixed oil or fat ... ... ... ... '72 

Eesin and chlorophyll ... ... ... '91 

Grum and matters (soluble in cold water) 4*97 

Starch and matters (soluble in hot water) 1 '20 

Albuminoids ... ... ... ... 151 

Ash or mineral matters ... ... ... 1*59 

Cellulose and fibre, by method I. ... 12*47 

Undetermined ... ... ... ... 4*68 



10000 
In considering the nature and proportion of the various ingredients 
of the Fhormium leaf enumerated above it must not be forgotten that 
nearly all of them are present, to some extent, in the best prepared 
fibre derived from this plant. This matter has been already discussed 
in §§ 2 to 6, and in § 9. 
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APPENDIX I. 

IiIST OF NAMES OP THB VABIETTES OB" FHOBMITTM TENAX 
DISTINGUISHED BY THE NATIVES.* 



Name. 


i 
District and Authority. 


Bemarks. 


Aonga 


Bishop Selwyn ... 
East Coast, Heaphy 


••• 


A variegated flax. 




... 


Awanga (?) 


Arotara 


Waikanae; Native 


••• 


Poor fibre ; yellowish green leaves ; 
dark brown edge. 


Ate 


Hauraki, Bishop Selwyn 


•*• 


Saro ; requiring to be scraped by 
a shelL 




Wanganui, Woon 


• *• 


Strong fibre ; used for eel nets and 
baskets. 


Atewhiki 


Taranaki, Kelly ... 


... 


Fibre very white; used for best 
garments; leaf narrow; reddish 
Unge; edge and keel narrow; 
bright scarlet line. 




Ditto Hursthouse 


*• • 


First-rate quality. 




Opunake, Native ... 


... 


Breaking strain, 77. t 


Atiraukawa ... 


East Coast, Heaphy 


... 


Matiraukawa? tlsed for finest 

mats, probably same as Ouf, 
Best and most abimdant fibre, not 




Taranaki, Kelly ... 


. • • 








large, but a quick grower; leaf 








bronze when mature, light olive 








p*een when young, rather 








pointed ; edge dull dark brown, 
lighter in inner margin, some- 








times brown, relieved by a bright 








red line. 




Ngatiruanui, Woon 


... 


Lengthy and strong fibre. 




Opunake, Native ... 


••* 


Breaking strain, maximum 90. 




Christchurch Domain, Arm- 


Leaf bimd, light green, abrupt at 




strong 




the points, edges light browu. 


HaraJceke 


Mantell 


*•• 


Also, ffciraheke. 




Waikanae, Native 


... 


Common swamp flax. 




Otaki, Native 


... 


Name for all flax, except Whara- 
riki. 




Wfl.ikato, Hutton 


• . . 


Strip of leaf ^in. broad, broke at 
421bs. 



* Commissioners, 1871. f Belative to Manilla=100. 
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Name. 



Mewara 



Suhiroa 



Suruhuruhika 

Karuamoa .., 
Kauhangaroa 



Kohunga 
Kordko 

Koura 

Kuroa ,., 

Kuru 
Manunu 

Motor oa 
Motu-O'rm „. 
Ngaro 



Ngarovcaka „. 



Ngatotomawe.,. 
Ngutunui 



District and Authority. 



Opiinake, Katire 
Wftitanae, Katire 

Mantell 

West Coast, Heaphy 

Wanganui, Woon 

Taranaki, Kelly 



••• 
•ft 



Opunake, Native 
Christcl^urch Domain, Arm- 
strong 
Taranaki, Eelly 

Opnnake, Native 
Waikanae, Native ..• 

Hawke's Bay, Nairn 

Ditto Native 
Government Domain, Christ- 
church, Armstrong 

Maungatautari,BishopSelwyn 
Ditto lilantell ... 

Taranaki, Eelly 



Ditto Hursthouse 
Wanganui, Buller 

Christcharch Domain, Arm- 
strong 
Opunake, Native 
Taremaki, Kelly 
Opunake, Native 
W est Coast, Heaphy 

Ditto ManteU ... 

Fipiriki, Woon 

East Coast, Heaphy 

Taranaki, Kelly 
Waikato, Jenkins 

Baglan, Snackenburg 
West Coast, Heaphy 
Waikato, Jenkins 

Waiuku, Constable 
Opunake, Jj^ative 
Taranaki, Kelly 



Bemarks. 



Breaking strain, 77. 

Broad, buff green leaf, with dark 
narrow edge. 

Or Uhiroa (7) 

Yields best fibre, probably Oueroct. 

Long fibre ; used for fine and porae 
mats, fishing lines, nets, ropes, &o. 

Good fibre, easily separated from 
gum ; leaf blueish green ; narrow 
edge black or very dark brown; 
keel reddish chocolate ; leaf gra- 
dually narrows to a point. 

Breaking strain, 98. 

Leaf very long, tapering at the 
point ; edges light brown. 

Used for rough garments ; bears a 
general resemblance to Takaiapu» 

Breaking strain, 87. 

Good fibre I tapering leaf; dark 
chocolate edge. 

Used only for baskets and matting ; 
easily breaks with a jerk. 

Good white fibre, soft, and silky. 

Two variegated forms; per centage 
of fibre 19*6; leaves large coarse 
edges, and base dark brown. 

Tihore. 

Fine kind. 

Used for best garments ; dark green 
leaf ; edee, a narrow line of dark 
brown ; keel, a pale yellow. 

First-rate quality. 

Best fibre for Korowai, or shaggy 
mats. 

Per centage of fibre, 17'8. 

Breaking strain, 95. 

Used for rough purposes. 

Breaking strain, 90. 

Or Manunui (?) ; gOod for cordage. 

Best variety. 

Strong and durable ; short fibre, 

used for borders of fine mats. 
^Iso, Awanga — a variegated kind; 

fibre unserviceable for manufacture. 
Used for rough garments. 
Good fibre; blueish green leaf; 

black edge. 
Best of all the kinds, for all purposes. 
1^ tiff fibre. 
Good fibre for mill purposes; leaf 

bright green, red edge. 
Cultivated ; soft, fine fibre. 
Breaking strain, 84i 
For best garments; quick grower; 

leaf similar to Tdkaiapu, but has a 

blunt point, and is red at the butts. 



J^apendue. 
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Kame. 



IfjgutupiMrera,,. 



Oka Oka 
One 



Paheke 
Parekoritawa 



Difltrict and Authority. 



Paretaniwha „. 



Pato 

PoUaniwha and 

Nffutukaka 
Pajm 

Bataroa 



Opnnake, Natire 
Wa 



aikanae, Wi TiJlo Ngatnta 



West Coast, HeapHy 
Taranaki, KeUy 
Cpunake, Natiye 
West Coast, Heaphy 
Waixiku, ConstaDle 
Christchurch Domam, Arm- 
strong 

Taranaki, KeUy 



Hawke's Bay, Locke 
Whakatane, Native 

Waikato, Hutton 
Ditto Mantell 
East Coast, Heaphy 



• • • 
•• • 

••• 



Manngatantari,BishopSelvyn 
Opunai[e, Kative 
Taranaki, Eelly 



Opnntike, Native 
Waitaia, Woon 
West Coast, Heaphy 
Christchnrch, Armstrong ... 
Whakatane, Native 

Opunake, Native 
MaungatautarijBishop Selwyn 

Ditto Mantell 
Waikato, Hutton 

Taranaki, KeUy 
West Coast, Heaphy 
Waikato, Jenkins 

Waikato, Jenkins 

Taranaki, Kelly 



Waiuku, Constable 

St. John's College, from East 

Cape 
Christchurch, Armstrong ... 



Bemarks. 



Breaking strain, 95. 
Much esteemed leaf; dark dive 
green, with dark red edge. 

For rough garments. 

Parera (?) ; breaking strain, 96. 

Or Nffuimparura (I) 

One of the best varieties ; cultivated. 

Leaf narrow, very strong, edges 

orange coloured s per oentage of 

fibre 34*1. 
Loaf narrow, of an olive green ; edge 

and keel orange colourea; used for 

best garments. 
Fine fibre, next to Tcgaoto. 
Best variety, white and soft; break- 

ing strain, 91. 
Tynical Tihore. 
A fine fibre ; also, Ouhe. 
Also, Tapoto, cultivated at Coro- 

mandel, Kawhia, and Waikato ; 

glossy leaves, rather red at the 

edge; has a general orange-green 

apx)earanoe at a distance. 
IHhore. 

Breaking strain, 87. 
Variegated variety ; leaf, very bright 

green longitudinal stripe, of sul- 
phur colour; fibre very good ; edge 

and keel orange colour. 
Breaking strain, 79. 
Yeiy white and strong fibre. 
Tieids best fibre. 
Per centage of fibre, 18'8. 
Strong fibre for fishing lines, nets, 

&c. ; breaking strain, 95. 
Breaking strain, 83. 
A Tihore. 
Fine kind. 
Tellow, hill fiax ; strip of leaf iin. 

broad broke at 42ibs. 
Used for rough purposes. 
Stiff" fibre. 
Or Paretaniwha (f) ; good fibre for 

mill purposes ; dark green leaf. 
Yellowish green ; brown butts, red 

edge ; good fibre for mill purposes. 
Said to be used for best purposes ; 

taper, acuminate, bronzy, green 

leaf: dark purple keel and edge, 

fading on the upper side. 
Best Tihore ; varies from 3 to 8 feet, 

according to soil ; red edge. 
The strongest of all the fibres; beeak- 

ing strain, 117. 
Per centage of fibre, 21 '6* 
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Name. 



JRatowQ 
Maumoa 

Uuwnoa 



jRerehape 

Sonffoinui 

Taihore 

Takaiamb 
(Kiapu) 

Tapoto 



Tarariki 



!•• 



Tawai Jcdkdko 



Tiheru 
Tihore 



District and Authority. 



Waikanae, Katiye .•• 

Haurald, Thames, Bishop 

Solwyn 
Taranaki, Kelly 



Opunakei Native 
Waikanae, Native 



Taranaki, Bishop Selwyn ... 

West Coast, Heaphy 
Maungatautari, Bishop Selwyn 

Mantell 
East Coast and Bay of Plenty, 

Heaphy 
Taranaki, Kelly 

Opunake, Native ... 

Taranaki, Kelly ... 

Opunake, Native ... 

Hursthouse 
Hawke's Bay, Nairn ... 



Ditto Locke 

Kast Coast, Heaphy 

Opunake, Native 
Christchurch, Armstrong ... 



Taranaki, Kelly 
Opunake, Native 
West Coast, Heaphy 
Wanganui, Woon 



Bemarks. 



Napier,' Native 



Opunake, Native 
Taranaki, Kelly 
Christchurch, Armstrong ... 



Scarce i very taper, light yellowish, 
green leaf, narrow dark edge. 

A Tihore ; probably misprinted for 
Raiaroa. 

Used for rough garments; light 
green leaf, reddish brown keel and 
edge ; narrower imdemeath. 

Breaking strian, 76. 

Darkish green leaf; broad, red- 
brown edge on mpper side, narrow 
do. below. 

JEtaro. Bequiriug to be scraped with, 
a shell. 

Yields best fibre ; good for cordage. 

A Tihore. 

Fine kind. 

Used for fishing nets and cordage ; 
best fibre for mill purposes. 

Light green leaf, with wide black 
edge. 

Breaking strain, 95. 

Fibre very strong ; leaf erect, brown 
edge. 

Breaking strain, 76. 

First-rate quality. 

Leaves narrow, erect, deep purple 
margin ; strong, lustrous fibre, 
used for sewing threads or weft of 
fine mats. 

Sometimes called Tihore or Tdkiri ; 
best variety. 

Also, Ouei fibre glossy, silky, but 
brittle ; used for KcUtaka mats. 

Brecvking strain, 101. 

Similar to Tihore ; per centage of 
fibre, 18*7 ; tapering at the points ; 
edges red. 

Used for rough purposes. 

Breaking strain, 70. 

Stiff fibre. 

Fine and soft texture, used for Potas, 
or ornamented nmts ; tapering acu- 
minate leaves; dull, olive green, 
lighter on the outer side ; dark 
red keel and edge, and keel on the 
upper side gradually shaded away, 
forming a dark coloured band i to 
t of an inch broad ; 2 or 3 inches 
of the point of the leaves of the 
same dark colour. 

Dark colour when first scraped, but 
it is put into baskets, and kept to 
improve its colour. 

Breabing strain, 98. 

Plant of any variety ? 

Leaves linear, very strong, dark red 
edge ; per centage of fibre 19 '8. 
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Name. 



Tvpuna ... 

Tito-o-moe-wai 

Tuau 

Tuawhitu 



Tumara 
Turepo 



Tufamiki 
WarariJca 

Wharanui 



WharariJci ... 



JPhormium 
Colensoi 



District and Authority. 



WUau 



Baglan, Native 
West Coast, Heaphy 
Waikato, Hutton 

Taranaki, Xelly 
Hursthouse 
Taranaki, £elly 
Waikanae 
Bay of Islands 



Waikato, Jenkins 
Waikanae 



Taranaki, Hursthouse 
East Coast, Heaphy 

Hawke's Bay, Nairn 
Ditto Locke 
Mantell 
Hawke's Bay, Nairn 



Taranaki, Kelly 

Waikanae, Native 

Heaphy 

Mantell 

Bishop Selwyn 

Waikato, Hutton 

East Coaat, Heaphy 



Bemarks. 



Breaking strain, 99. 

Best fibre* 

Best variety, cultivated ; strip of leaf 

iin. broad bore a strain of 48S>8. 
Used for rough garments. 
Tepuna (?) 

Used for rough garments. 
Coarse plant, not used for fine work. 
.Fine and soft fibre ; leaf tapering, 

thin texture, bronzy colour, lined 

and smeared at the upper end, 

narrow dark red edge. 
Good fibre for mill purposes. 
Small yellow variety, grows in wet 

swamps, and has a white silky fibre; 

brown edge and keel. 

Also, Mangaeica — fibre of ordinary 

character. 
Soft fibre, used for fine mats. 
Next to Oue, 
Op Waran/ui (?). 
Weak fibre, only used for kits, &c. ; 

very broad and tall leaf; grows in 

richest solLs. 
Used for rough garments. 
Never used. 
Stiff fibre. 
Also, WharaeJci* 
Whararipi. 

Strip of leaf iin. broad broke at 34!bs. 
Poor fibre. 
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APPENDIX III. 

MEMORANDA FURNISBED BY COLONEL HAULTAIN ON THE 

HEMP MILLS VISITED BY HIM • 

TnoMAS Macffablane, Henderson's Mill, Auckland, NoTeraber, 1870. 

Was formerly a largo saw mill, driven by water power. Six machines can be kept 
at work, but only two were in operation. After stripping, the fibre was steeped on 
wooden floats in the mill pond for two hours and a half, and occasionally beaten 
with a wooden rammer. Each machine could turn out more than one ton per week. 
Tlic green leaf was brought by boat from all parts of the Waitemata harbor, at a cost 
of 208. to 2 OS. per ton, according to distance. Men's wages were 5s. a day, and boys* 
from Is. 3d. to 2s. 6d. The cost of scutching was 22s. a ton, and of packing and 
screwing, 22s. 6d ; and the total expense per ton, delivered in Auckland, was about 
£17 16s. 

Mu£SAY, Mauku, near Auckland, May, 1871. 

The fibre from this mill is considered as good as any that comes into the Auckland 
market ; its pood quality is duo to tho care taken in its preparation, and to an 
abundant supply of water for washing purposes. There is a 12-foot water wheel, 5 
feet broad, which works one of Price's machines, and the scutching is carried on at 
anotlicr mill a little lower down the stream. After passing through the stripper, 
the hank of fibre is hung on to a peg in the mill race, where it remains for some 
minutes. The stripping machine (Price's) has been running for two years, and has 
required little or no repair ; about 26 cwt. of green leaf, per day, can be passed 
through it. It takes about seven tons of green leaf to one of fibre, and he pays 22s. 
a ton for it, delivered at the mill ; and has to give 30s. a week as rent for the mill 
site and machinery, and cannot turn out more than one ton per week ; so that his 
flax costs him £19 a ton, delivered in Auckland, where it sells at from £18 to £20 ; 
but as he works himself, and is assited by four or five of his children, it gives the 
family good wages ; and the tow, wliich sells at £5 a ton, is some further profit. 

PoTTEB, Henderson's Mill, near Auckland. 

Is not at work at i)resent, as a recent flood lias broken the mill dam, and done 
other damage. Has tried wet-scutching, but did not find it answer, and there is an 
extra loss oF 25 per cent, in hackling, which the rope-spinners object to, although 
they consider tho fibre superior and will pay £3 a ton more for it j but it costs from 
£8 to £ 1 a ton to wet scutch as, in addition to the labour, it requires more green 
leaf. After hackling, as an experiment, there were only 741bs. left out of 1 cwt. It 
takes eight tons of green leaf to make one ton of ordinary fibre ; if the flax is young 
it will take more— as much as ten tons. The bleaching requires from four to fourteen 
days, according to the weather j but the shorter time it is exposed to the sun the 
better, as the fibre is injured by too long exposure. Instead of wet. scutching, he luis 
now put up a set of stampers, under which the flax is passed, after coming from the 
stripper, with a flow of water over it, being carried under the stampers by a 
travelling band. 

Kelbheb, Waiuku, May, 1871. 

Uses a water wheel 14 feet in diameter, and 4 feet broad, which cost him £200, 
and one of Gibbon's double machines ; has also one of Price's, but prefers the former. 
Carefully washes the fibre in the mill race after stripping, and then soaks it for an 
hour J bleaches in tlie sun for about five days in summer, and seven in winter, ajd 

* Many of the mills here described have been stopped, or have changed hands 
since the date of this Beport, but, in the absence of further information, it has been 
thought better to reprint it as it stands. 
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finishes with a barrel bcutch. All liis hands are paid by the day, and ho employs 
twenty for the double machine — eight men, at 48. ; six women, at 2s 6d ; and six 
boys, at Is 6d ; besides two men cutting the flax. He gets £20 a ton for his fibre, 
delivered in Auckland, which pays all expenses. Flax which was cut eighteen 
months ago, has now six full grown leaves, and that cut seven months ago has three 
leaves, besides the centre one. His flax is chiefly from high grount! , and is preferred 
by the rope-spinners on that account. 

DuGALD, Queen's Bedoubt, Waikato. 

Uses the machinery of an old flour mill, belonging to the natives, and has plenty 
of water, but a limited supply of Phormium, Has a machine of his own construction, 
an improvement on Price's, and can put through 30 cwt. a day, or more ; and makes 
li tons of fibre in the week. Washes in the mill race with the assistance of a small 
wheel, which is turned by the stream, and beats the flax which is held underneath. 
Employs only eight hands, and pays the men £1 a week, and the boys 10s and 128. 
The green leaf costs about 16s a ton at the mill, 'and it is chiefly long swamp flax ; 
cartage into town is £1 10s ; and the fibre costs him about £16 a ton delivered in 
Auckland, where he gets from £20 to £22 a ton. Is himself a good mechanic and 
engineer, so can keep his machinery in good order and repair. 

Mellsop, Waiuku, May, 1871. 

Uses water power, and has a wheel 18 feet in diameter, and 2 feet 10 inches broad, 
but has not sufiicient water in summer, 'nor sufficient green flax to keep the mill 
constantly going ; makes 25 or 30 tons a year, and finds that he mudt receive £20 a 
ton for his fibre to pay fair wages. His flax is chiefly from the Karaka hills, and is 
of better quality than that which grows in the gullies. It takes seven tons of green 
flax, now nineteen months old, to one of fibre, and he pays 12s a ton for cutting it. 
He uses one of Dugald's machines, made by Mclntyre, of Onehunga, which will ^ut 
through 30 cwt. a day, and has been six months at work without requiring repairs. 
Pays men 4e a day, and boys 2s, without food. 

Eees & GiBSOK, Eangitikei, January 1871. 

Use steam power and both Price's and Gibbons* stripping machines, but prefer 
the former, as they clean the fibre better and wear longer ; they are, however, more 
wasteful than Gibbons*. Immediately after having been passed through the stripper, 
the flax is placed in a wooden vat, and a stream- of boiling water is poured on it j it 
remains soaking for two or three minutes, and is then taken out and rinsed in cold 
water ; then bleached in the sun for four or five days and dry- scutched. The 
boiling water takes the red colour out of the butts, but does not otherwise improve 
its appearance or texture. Mr. Eees thinks highly of the wet-scutchiug process, and 
will try it when they get over the difficulty of scarcity of water. The hmited supply 
of this requisite, which is one of the chief essentials in profitable flax-dressing, 
certainly deteriorates the quality of their fibre. The shorter leaves are separated 
into bundles by the boys who take the fibre away from the stripper, and it is packed 
separately. Mr. Eees finds that most of the fourth pair of leaves are unfit for 
stripping, and that even some of the third are defective and have to be rejected. 
He has tried a small quantity of the centre and immature leaves, and the fibre is 
fine and of good colour, and has considerable strength, but it cannot be procured in 
any quantity. He wished that some Natives should, by way of experiment, prepare 
after their own fashion a small quantity of fibre from the flax leaves that he was 
using at his mill, but after looking over the whole bundle, about eight tons, they 
declared that there was none suitable for their purpose, so) particular are they in 
the selection of leaves. 

Mussosr, near Wanganui. 

Has a twelve-horse power steam-engine and abundance of water, but he has to 
pay a very high price for the raw material. He gives the owner of the ground on 
which he cuts the leaves, 12s a ton, and it costs him lOs a ton for cutting, and 
another 5s for cartine to the mill ; so that, assuming he requires 6^ tons of green 
leaf for one of fibre (and it can hardly be less, though he only estimates 5^ tons), 
the raw material stands him in £8 15s 6d, which at the present price of the 
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manufiftstured article can hardly leave him i^ profifc, although he turns out a 
particularly good sample, mainly due to his wet-scutching, which softens the fibre 
and gives it a good colour. It is not left out on the bleaching field for more than 
three days in fine weather, being once turned in that time. He has two stripping 
machines at work, one of Price's, and the other, Fraser and Tinne's. He considers 
that the latter wear better, but that Price's dresses the fiax more evenly. He 
employs nine men and three boys for the two machines, and pays the latter 6s and 
7b 6d a week besides their food. He uses a beam 36 feet long and 18 inches square 
at the larger end as a lever to press his bales, and manages, to get 4i cwt. of fibre 
into a bale measuring 3 feet square and 6 feet long. Plants that were cut quite 
down twelve months ago, have thrown up several leaves 5 and 6 feet long. 

BiTOHiB, Wanganul. 

Uses the engine of a steam-threshing machine, and one of Pi ice's strippers, which 
he considers the best that are made. The green leaf only costs him 13s a ton 
delivered at his mill; but there is a scarcity of water for washing purposes, 
otherwise he would use a wet-scutcher, believing that that process materially 
improves the fibre besides reducing the time necessary for bleaching from fourteen 
to four days. He has three varieties -of flax growing on his land, and plants that 
had been out five months previously had tlirowu up fresh leaves five feet long. The 
best variety strips more easily than the other lunds. 

SoniYENEB, Wanganui. 

Produces a fibre of superior quality^ and took the first prize at the Wanganui 
Flax Show. ^ The reason is obvious ; every part of the process of nianu&cture is 
conducted with special care. All damaged leaves are rejected, and the larger ones 
are split before they are passed through the machine j they are also cut high up, so tliat 
the coarse and discoloured portions of the butt are not used. He works only on a 
small scale, and has but an ordinary three horse wheel for driving purposes. With 
the assistance of one man to cut the flax, and a lad to drive the horses, he and his 
three sons manage the whole of the operations, and can turn out 2 cwt. of fibre per 
day, and as he can readily get £20 a ton for his fibre in Wanganui, it pays him very 
well. In feeding his horses, he mixes the strippings from the fiax leaves with their 
oats, and they eat it greedily. He uses one of Price's machines, which he considers 
the best he has seen. Had he more driving power, he would not think it necessary to 
split the leaves, and would wet-scutch if he had plenty of water. There are several 
varieties of flax in the neighborhood, some of which are more easily stripped than 
others, but they are used indiscriminately 

Gboybb, Wanganui. 

He has a small steam engine, and one of Price's machines, and adopts the ordinary 
process of washing, bleaching, and diy •scutching. He has not sufficient water, or 
would try wet-scutching. 

CuMMiirs, Wanganui. 

Has also a small steam engine, and one of Price's machines, which he finds to 
work satisfactorily. After stripping, he soaks the fibre in warm water, at about 90 ® , 
and then bleaches and dry-scutches in the ordinary manner. Has tried boiling water, 
but finds that it hardens the fibre. 

Optjnaeb, Taranaki, January, 1871. 

There are two flax mills at Opunake, belonging, one to the Cape Egmont, and the 
other to the Opunake Company ; both companies have extensive flax fields, leased from 
the Natives. The sites for their mills are excellent, with abundance of water for 
motive power, and for washing purposes. Considerable capital has been expended, 
and the buildings and drying grounds are good and sufficient ; in fact, there are few 
other mills in the North Island equally good, and possessing such natural 
advantages ; and Opunake Bay is a convenient and safe shipping place. The fibre 
tiu*ned out from the Cape Egmont mills is the better of the two, because greater 
pains are taken in scutching ; but in neither is sufficient care taken to reject old and 
damaged leaves ; consequently the sample is not so equal and good as it ought to be. 
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and it can hardly realize a &ir price in the London market. The green flax on this 
part of the coast is much damaged by a small " looper" caterpiller, about an inch in 
length, which attacks the under side of leaf, and eats quite through the fibre, in 
patches from a-half to two inches long and a-quarter of an inch broad. As these 
patches are numerous, the fibre is cut into short lengths, so that in scutching there 
is a great loss in tow. The plants growing in sheltered places were the most damaged 
as the insect cannot so readily attach itself to leaves that were kept in motion by the 
wind. The caterpillars appear to have come to their full growth about the month 
of December, and they must have been very numerous at that time. The Opunake 
Company use Price's, Gibbon's, and Murray's machines, and consider the small ones 
made by the first, preferrable to any others. After stripping, the flax is washed by 
hand, and then floated down the tail race, at the end of which men are stationed 
to take up the flax, which is soaked for an hour in a trough, through which the 
water flows freely, and is then kept on the drying ground for twelve or fourteen days 
in the summer season, and for a longer period in the winter. The color is good, and 
it would be above the average if damaged leaves were rejected. The plant of the 
Cape Egmont Company is first class, and has been erected at comiderablo outlay. 
A sixteen feet water wheel, eight feet broetd, set upon masonry supports, works 
smoothly, and puts in motion tour of Price's smaller machines, and one of Fraser 
& Tinne's, besides two scutchers. After stripping the flax is well washed by hand 
in the mill race, and then placed in cradles in the water for a couple of hours, being 
pressed down and trodden on by one or two men, so as to squeeze out as much gum, 
&c., as possible. It is intended to use wooden stampers for this purpose, and the 
colour and softness of the fibre would be much improved by this, or by any other 
beating process. Twenty-four hands are employed, the men receiving os., and the 
boys from Is. 6d. to ds. per day. A few Natives are at work, but European labour 
is preferred, as the former cannot be depended on for regular, steady work. About 
one ton and a-half of green leaves can be passed through each machine daily, and it 
takes at least seven tons of leaf to produce one of fibre. The manager, Mr. Kelly, 
thinks that Price's machines are not strong enough, or sufficiently large ; and that it 
would be an advantage if they could be set from the back, so that they might be 
adjusted by the engineer when necessary, without stopping the machine. 

Nblbon Bbothbbs, Napier, 29th May, 1871. 

The mill is ten miles from Napier, with about fifty acres of good flax swamp* 
It is worked by steam power, and two of Price's machines are kept going ; water is 
abundantly supplied from two artesian wells, 57 feet deep. A constont flow is 
kept on the flax whilst passing through the stripper, and it is then put between 
wooden rollers, and washed in tubs in which fresh water is continually pouring, so 
that much of the gum or cement is separated before it is put out to bleach It remains 
out for a week or more, according to the weather, and it is then scutched by a 
barrel scutch, and the uncleaned tips are cut off by a knive, which is fixed to the 
scutcher at one end of the beaters. Great care is taken in sorting and cutting the 
leaves, which are firom three to five feet long, only, and these ar e separated into 
bundles of the three sizes, and the edges and keels are stripped off before passing 
through the machine. The leaves now used are of twelve montlis growth ; the 
flax was cut fifteen months since, the three centre leaves of each set being left. 
Within that time there has been a fresh growth of four full- sized leaves to each set ; 
and at the second cutting, the three centre leaves were again left, the four outer 
ones only being taken, and of these the two first were frequently rejected, as too 
much spotted and decayed for manufacture, proving that, under these conditions, 
after a second years growth, the leaves have passed their prime and begun to decay. 
This ground was formerly very wet, but from draining and treading it is now 
comparatively dry, and the growth of the plant is much improved, for the younger 
leaves are invariably longer, and more luxuriant than the older ones. Ihis field of 
Mr. Nelson's affords an excellent opportunity for further observations, as the plants 
are most carefully cut, and it is under the constant superintendence of the proprietor. 
From those already made here, and in other Fhormium fields, we may conclude 
that each set from an established vigorous plant, in suitable soil will yield four good 
leaves for manufacture every year. Mr. Nelson pays 12s. a ton for cutting the leaves, 
and estimates that 5i tons give him a ton of fibre ; and he prepares about 1 ton a 
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week, with 5 cwt. of tow. He pays his men £1 a week, and his boys 7s., besides 
their food ; and estimates that the total cost (not including wear and tear, his own 
8U|>erintendence, interest on outlay, &c.) is about £16 a ton for scutched PhamUum, 
besides 12s. for carting into Napier. He has been hackling some three tons of fibre, 
after scutching, and hfts produ(M9d a beautiful sample ; but half of the fibre passes 
into tow, and he calculates that from 12 tons of green leaf he gets — 

1 ton of fibre costing ... ... ... £23 

1 ton of hackled tow, valued at ... ... 12 

6 cwt. of scutched tow . ... ... ... 2 



£37 
If the tow is worth the money above stat-ed, the fibre would yield a good profit, as it 
is perfectly clean and uniform. Mr. Nelson sends a bale of this haclded fibre for the 
exnibition at Wellington. 

Stohtbb & Co., Eaiapoi, Canterbury, June, 1871. 

Use a water-wheel of fourteen feet diameter, and the same number of feet broad* 
which works two double stripping machines and one scutcher, and raises water 
sufficient for washing the fibre. It is about equal to a twent;yr horse-power steam 
engine, and therefore could keep more machines at work. At night it drives a flour 
mill. They have tried Williams,' Howarth*s and Barnes' machines, but they did 
not work so well as Anderson's ; Barnes' was constantly blocking up. They have 
plenty of flax in their neighborhood, and it costs them 10s. a ton u>r cutting. It is 
passed through two of Anderson's strippers, one fixed below the other, and the two 
are fed by one operation, the leaf passing from one machine to the other without a 
second handline. A stream of water flows through the strippers, &lling into a shoot 
below, into which the fibre drops, and is carried along some twenty feet, where it is 
picked up by a boy, put into hanks, and hung on hooks fastened to a pole that 
stretches across the mill stream, and remains there for an hour. It is then put out 
on lines to dry, and in summer will bleach in twenty-four hours, but in winter it will 
take as much as a week. The second stripper is of great advantage, when sufficient 
power can be easily ol^tained, for this fibre is soft and of very good colour, and took 
the first prize at the exhibition of the Canterbury flax Association in 1870. The 
expense of preparation is hot increased, and fibre baled, and covered with doth, ready 
to be shipped, could be produced at this null for £16 a ton (exclusive of interest, 
wear and tear), as the raw material is easily obtained, and the water is abundant, 
and wages are moderate. It takes 71 tons to produce a ton of fibre from one 
machine ; and the various expenses are as follows : — 

7i tons of green leaf, at 10s. ... 

1 feeder, 71 days, at 4s. 

2 washers, „ at 4s. 6d. 
2 men taking and bringing in from field, at 6s. 
Baling and pressing ... 
Covering ... ... ... 

Total 
Scutching ... ••• ... ..• 

£16 17 6 

They have sold it to Lennan, for rope spinning, at £27 and £30 per ton. JPhomUum 
cut on the road side in December, 1869, and December, 1870, has now (June, 1871) 
four or B.ye leaves to each set, and is four and five feet high. They use an American 
lever cotton press for baling, which is very simple, and more powerful than a screw. 
White New Zealand rope will barely last a week in theif " Californian pump," always 
wet ; but when prepared with whale oil, it will last several weeks, though constantly 
under water. 

Benk & Waleeb, Kowai Mills, Leithfield, Canterbury. 

Have two mills, worked by steam power ; one engine of 18 working up to 25 
horse power, and driving four of Price's large machines, two water-scutching wheels, 
and three arm-scutchers ; the other, of 6 horse power, working up to 8 and driving 
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two of Price's large machines, and a water-scutcher. They have tried Howarth's, 
Anderson's, and Williams* machines, but prefer Price's. Cutting the green leaf 
costs 128 a ton Afler passing the stripper, through which a flow of water passes, it 
falls on to a travelling band or table, from which one expert man can pick up from the 
four machines (but an ordinary boy cannot pick up from more than two). It is 
then wet-scutched under a barrel scutch of 4i.feet diameter, with 2^ inch beaters of 
rounded wood, revolying at a rate of 250 revolutions per minute. It is tben 
soaked for twenty-five minutes, and bleached a fortnight or more, according to the 
weather. It is dry -scutched by an arm or Irish scutcher. The quality of the raw 
material is good. Of one variety it requires only 5^ tons for one ton of fibre ; of 
another variety, it requires as much as 6f tons of green leaf. The former is equal 
to any tihore Phormium that grows in the Worth Island. The other variety grows 
in the same locality, and is more luxuriant, reaching a height of 10 or 12 feet, and 
is of a darker green color. The best JPhormium grows on a black peaty soil, with 
shingle about 2 feet from the surface, and is about 7 feet long. The Phormium can 
be cut every year if the centre leaves are not taken ; 30 cwt. of green Phormium 
can be passed through each machine during the day. Sold 100 tons at £20 and 
£21 15s. to go to Boston, America. The actual cost of preparation is about £18 a 
ton, with 25s. cartage to Lyttelton. The six machines employ fifty men and boys, 
and turn out 6 and 7 tons a week The cost of the steam engine is £3 per ton. 
113 fbs of fibre los^25 fts in dry-sutching (20 9)s of tow, and 6fts waste) ; 20 fts of 
tow, when hackled, yielded 15 9)s of fibre, and 5 lbs of tow. Eloor mats made from 
the fibre have been in use at the hotel at Leithfield for two years, and are still in 
good condition. 

Ashley G-obob Mills, 38 miles from Christchurch. 

Not visited, but Mr. DeBouibel states that they have a 20 horse-power steam 
engine, working up to 30, which drives four of Price's, one of Fraser & linne's and 
three of Anderson's machines, besides three dry-scutchers, and a small turning lathe ; 
about 120 hands are employed, including wood-cutters for fuel for the engine. 
It requires 6 tons of green leaf to one of fibre, and the Phormium is passed through 
the stripper with a flow of water, and is taken away on a travelling band or table, 
two boys being able to pick up from the eight machines. It is washed by hand, and 
soaked for one hour, and scutched with an arm-scutcher. The cost of the prepara- 
tion may be set down as follows : — 

6 tons of green leaf, at Ids. 

Stripping, soaking, washing, bleaching, and scutching 

Pressing, baling, hooping and covering 

Steam engine ... ... ... 

Delivery in Lyttelton ... 

£18 11 
Besides wear and tear, and interest on capital* 

Bluesein Mills, Dunedin. 

Use one steam engine of 16 horse-power, working up to 23, and a water-wheel of 
8 or 9 horse-power. Also, six of Eincaid and McQueen's machines (improved), 
making 160 revolutions per minute, each of which will pass through 32 or 33 cwt. 
per day of green leaf ; it takes 6i or 7 tons of leaf to produce one of fibre ; and the 
leaf costs 18s. per ton, delivered at the mill. The owners are introducing a wet- 
scutcher, and also have a pair of iron rollers for pressing out the moisture afber 
scutching. The water-scutcher will make 110 revolutions, and the dry-scutcher 
300 per minute. The rates of wages vary from 10s. to £1 16s. per week. The 
machines can turn out 2f tons of fibre per week, at the following cost : — 

Engine and stripper ... 

Washing ... 

Bleaching ... 

Scutching ... 

Firewood ... 

Green leaf ... 

Total for 2i tons ... ... ... ... £40 2 7 
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Or, pep ton ... ... ... ... £14 11 

Carting to town ... ... ... „. 18 

Oil, &c. ... ... ... ... ... 10 



£16 9 
Besides interest on capital, wear and tear, &c. Drying ground not good. 

MiLLBB, silver Stream, near Dunedin. 

Has a water wheel 14 feet by 4, and drives one of Price's machines. Pays 12s. a 
ton for the green leaf, delivered at the mill, and requires 6^ tons for one of fibre. 
Washes by hand, and turns out only half a ton a week, as the mill is not kept 
constantly at work Pays from 5s. to £1 a week for beys and men, besides their 
food, and gets £19 a ton in Dimedin for his fibre, for ropo-spinning ; paying 228. a 
ton for carting it in. He takes great pains in the di£Eerent processes, and makes a 
very good sample. 

SouNBSS & Co., near Dunedin. 

Have an 8 horse-power steam engine, which drives two or three Kincaid and 
McQueen's strippers. They pay 17s a ton for the green leaf, and require 7 or 8 tons 
for one of fibre 'J he Phormium is hand- washed, and requires three weeks to bleach 
and dry, when it is passed through a barrel-scutcher. Wages vltry from 10s to £1 
a week, with food for boys and men ; and they can produce two tons of fibre a week, 
when keeping two of the machines constantly going 

Campbell, Ashburton Mills, near Dunedin. 

Use a water-wheel 80 feet by 2, and one of Kincaid and McQueen's, and another 
of Barnes' stripping machines, which can each put through 30 cwt. of leaf per day. 
Employs only boys at the mill, besides the grown up men of the family. Pays 13s. 
a ton for the green leaf, and requires 7 tons to make one of fibre ; washes in boxes, 
and supply of water is limited. After bleaching in the sun, it is put through an 
arm-scutch, the imperfectly stripped ends having first been cut oif. The cost of 
preparation is between £13 and £14 per ton, including 10s. cartage to Dunedin. 

Setmoub, Wairau, 2l8t December, 1870. 

There are very large Fhorminm fields in the valley of the Wairau, and it is 
profusely in flower this year. The settlers only recognise one species, though it 
varies in size and colour of the leaf according as it grows in wet or drained land. 
Mr. Seymour states that he preferred the shorter and yellower variety, as it passed 
more easily through the machine, and supplied an equally strong- and a better 
looking fibre. His mill is not at work at the present time, but it is likely that he will 
soon resume operations. His buildings and plant are very complete, but the supply 
of water for washing is very deficient, and he will never produce a good sample 
until this want has been provided for. He has used Price's, Anderson's, and Mills' 
stripping machines, but greatly prefers the first, as working better, and being less 
liable to get out of order. He has had one of them in constant use since March, 
1870, that has never required repair. Has made 80 tons of fibre at a cost of £20 
per ton, including interest on capital. It would cost 30s. a ton extra to split the 
leaf. The Phormium plants that were cut five or six months ago have sent up 
several good leaves, three or four feet long, and will be ready to cut again by the 
time the twelve months has expired. The fans that had thrown up a flower stalk 
have invariably died away after having been cut ; and the fan that produced seed 
last year, whether cut or not, has died this season. Whether this is constant should 
be carefully noted in other JPhormium fields. 

Mb. Hatawat is dressing Fhormium at his miUs on the Wairau E>iver, close to 
the ferry. He prefers Anderson's machines, and advertises them for sale ; but the 
fibre, as it comes from the strippers, is very insufficiently cleaned. He has, however, 
abundance of water for washing purposes. Mr. Ninnis, the manager, has a seed bed, 
in which were some young Fhormium plants, four and five inches high, which were 
four months old j these had been sown in September. He had planted in every other 
month of the year vrithout success. 

Mb. Howland, about two miles higher up the river, was about commencing 
work. He has magnificient water-power, and a centrifugal pump supplies him with 
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volumes of water for waahiug the Phormium, He uses Anderson's machines for 
stripping, and has, besides, a stamping machine of his own invention, under which 
the Phormium is passed* by an eudless band immediately after coming from the 
stripper, whilst a stream of water flows over it. I have no doubt that his fibre will 
be cleaned in a very superior manner ; but one set of stampers vrill not be able to 
keep pace with his five or six stripping machines. He uses a peculiar scutcher, With 
toothed or scolloped beaters. 



APPENDIX IV. 



CLASSIFICATION OF THE VABIOUS MACHINES USED IN THE 

PREPARATION OF PHORMIUM '^ 



Class I. — ^Whbbb the leaf is opbbatbd ok in its vatubal state. 
Sub-Class A. — By Percussion on Elastic Metallic or other Surfaces, 

1. Metallic beaters are fixed to a drum, and form right and left angles to the axis 
of rotation ; the drum revolves at a high speed, and the beaters operate on one side 
of the leaf on revolving metallic rollers, the journals of which are supported by 
elastic bearings. Price's machine is a tvpe of this class. 

2. Metallic beaters are fixed to the face of a drum and form right and left angles 
to the axis of rotation ; the drum revolves at a high speed, and the beaters operate 
on one side of the leaf on a metallic plate supported by elastic bearings. Eraser & 
Tinne's machine is a type of this class. 

3. Metallic beaters are fixed to the face of a drum parallel to each other and at 
an angle to the axis of rotation ; the drum revolves at a high speed and operates on 
one side of the leaf, on a metallic bar supported by elastic bearings. Mr G-ibbon's 
machine is a type of this class. 

4. Metallic beaters parallel to each other are fixed to pairs of arms radiating 
from a shaft which revolves at a high speed, and by means of two sets of revolving 
beaters both sides of the leaf are operated on, on a series of narrow metallic bars 
supported by elastic bearings. Booth's improved machine is a type of this class. 

6. Metallic beat«rs parallel to each otner are hung loosely between the outer 
edges of dies fixed on a shaft which revolves at a high speed, the loose beaters 
operate on one side of the leaf on metallic rollers, the journals of which are supported 
on elastic bearings. J. H. Nodding's machine is a type of this class. 

6. Metallic beaters are fixed parallel to each other and to the axis of rotation on 
the face of two drums revolving together at a high speed and operating on both 
sides of the leaf; the beaters of one drum striking on the space between the beaters 
of the other alternately. Pownall's machine is a type of this class. 

7. Metallic beaters parallel to each other are fixed to pairs of arms radiating 
from a shaft which revolves at a high speed, and by means of two sets of such revolv- 
ing beaters, both sides of the leaf are operated on on india-rubber rollers. Booth's 
patent is a type of this class. 

Sub- Class B. — Sy Percussion on Non-elastic Metallic or other Surfaces. 

1. Metallic or wooden stampers, with or without springs, are caused to fall on 
the leaf on a bed of wood or metal, fixed or moveable with or without water. 
Purchas and Ninnis', Franz Scherff's, and Howland's machines are types of this 
class. 

* A description of most of the different patents will be found at pp. 50, 55 of 
Report of Flax Commission, 1870, (Pari. Papers, D. 14), 
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